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BBEJIEHHUE

3aaHusg Ha KOHTPOJbHBIE pa0OThl COCTABIEHBI B COOTBETCTBUU C MPOrPAMMOH,
yTBepxkaeHHoM 25.05.2017 r. 3aM. qupekropa kouiemxka no Y MP.
[IpeaycMOTpeHO BBINOMHEHHE | KOHTPOIBLHON PabOTHI.
Ha konTponbsHyto paboty nano 10 BapuaHTOB.
Br100op BapuaHTa 10KEH COOTBETCTBOBATH MOCIEIHEN Huppe mudpa.
Ecniu HoMep mmdpa oxaHYMBaeTCs HYJIEM, CIEAYyeT BBIMOIHATh JCCITHIN
BAPUAHT.
B pesynbraTte ocBoeHUsI y4€OHOM NUCIUTIIIUHBI O0YYaIOMUICS JOJIKEH YMETh:
— pacro3HaBaTh U KJIACCU(DUIIMPOBATH KOHCTPYKITMOHHBIC M CHIPHEBBIC MAaTEPUATIBI
[0 BHEIIHEMY BUY, IPOUCXO0XKICHUIO, CBOMCTBAM;
— ONpENENATh BUJIbl KOHCTPYKIIMOHHBIX MAaT€pHUAJIOB;
— BBIOMpaTh MaTepuanbl [Jii KOHCTPYKIMUA IO WX HA3HAYCHUIO U YCIOBUSM
AKCILTyaTalNH;
— TPOBOJUTH MCCIIEIOBAHUS U UCTIBITAHUS MAaTEPUAIIOB;
— pacCcuUMTHIBATh U HA3HAYATh ONTUMAJIbHBIE PEKUMBI PE3aHUS.
B pesynbTaTe ocBoeHUs y4eOHON AUCITUTUTMHBI 00YYarOIIHIiCs JOKECH 3HATH:
— 3aKOHOMEPHOCTH TMPOIECCOB KPUCTAJUIM3ALMU U  CTPYKTYpOOOpa3oBaHUS
METaJJIOB U CIUIABOB, OCHOBBI UX TEPMOOOPAOOTKH, CIIOCOOBI 3aIIUTHI METAJIJIOB
OT KOPpO3HH;
—  KJIaCCU(PUKAIMIO ¥ CTIOCOOBI TTOTYISHHST KOMITO3UIIMOHHBIX MaTEPUATIOB;
— TMPUHLOUNBI  BbIOOpPAa KOHCTPYKIMOHHBIX MAaTEpPHAIOB Ui TMPUMEHEHUS B
IIPOU3BO/JICTBE;
— CTPOEHME U CBOMCTBA METAJIOB, METO/IbI X MCCIIEIOBAHUS;
— KJacCU(PUKAIMIO MaTEPUAIOB, METAJJIOB U CIIABOB, X 00JIaCTH MPUMEHEHUS;

— METOJUKY pacueTa W Ha3HAYCHUS PEKUMa pPe3aHusl I Pa3InIHbIX BUOB padoT.



1. O6mme MeToAUYECKHE YKA3AHNSI 10 BHINOJHEHUI0 KOHTPOJIbHBIX PadoT

1. BrinosniHeHHe KOHTPOJBHOM pabOThl CleyeT HayuHaTh C H3yYCHHs
METOANYECKUX YKA3AHUN.

2. Beibop BapmanTta 3amaHus Ha  KOHTPOJBHYIO  pabOTy JOJDKEH
COOTBETCTBOBATh MocieaHel mudpe mudpa ydamerocs.

3. Ecnu B maHHOM y4eOHOM TOAY MPOU3OIUIA U3MEHECHHSI B COJICPIKAHUH WITH
KOJIMYECTBE paboT, TO CTYJIEHThI, OCTABJICHHBIC HA BTOPOU I'0JI, BCE PaOOTHI BHITIOIHSIIOT
3aHOBO, COTJIACHO HOBOW yUeOHOH JOKYMEHTAIIHH.

4, OTBeThl Ha BOMPOCHI KOHTPOJIBHOU paboTHl JatoTcad B 00beME Marepuana,
U3JIO)KEHHOTO B PEKOMEHJOBAHHOW JJIA  BBINOJHEHUS KOHTPOJBHOM  paboOThI
JauTepaType.

5. PekomenmyeTcss cHauajga BHHMATEIBHO TMPOYMUTATH BOMPOC 3aJaHUS
METOJIMYECKHE YyKa3aHUsl IO €ro BBIMOJHEHUIO, a 3aTeM B PEKOMEHIOBAaHHOMN
JAUTEepaType HaWTH COOTBETCTBYIOIIUI MaTepHall, MOCIE Yero CIeayeT MOBTOPHO
POYUTATH BONPOC U YOETUTHCS B COOTBETCTBUU HAWJEHHOTO MaTepuara.

6. Ecnu BO3HUKHYT 3aTpyJHCHHS B MOHUMaHWUU KaKOro-JIHOO BOIMpOCa WA
OTBETE Ha HEro, CIIEIyeT OOpaTUTHCS 32 YCTHOM KOHCYJIbTAIlMEH K TMPEToaBaTEII0
y4ueOHO-KoHCYyIbTaTiBHOTO MyHKTa (YIIK) mnn Hanucath B KOJUIEMK ¢ MPOCKOOM MaTh
MUCEMEHHYIO0 KOHCYJIBTAITHIO.

7. OTBeThl Ha BOIPOCH JODKHBI KOHCIIEKTHBHO, TO €CTh KpaTKo, HO
TIOJIHOCTBIO HM3J1araTh Marepuaj, MOMEIICHHBIH B PEKOMEHJIOBAHHONH METOJIMYCCKUMU
yKa3aHUSAMU JIUTEPATyPE

Mosketr OBITH HCHOJIb30BaHA U JApyTasl JUTepaTrypa, HO OTBEThl HA BOIPOCHI
3aJlaHus JIOJDKHBI OXBAaTHTh MaTepHall, MO COJCPKAHMIO HE MEHBIIUH JaHHOTO B
PEKOMEHIOBAaHHOM JUTEpaTypeE.

Bcest pacuetnas yacth paOOThI BBIMOIHIETCS TMOJHOCTHI0. Henb3si 1aBaTh TOJIBKO
OTBETBHI.

8. OTBeThl Ha BOMPOCHI PEKOMEHIYEM CHadajga MUcaTh Ha YEPHOBUKE, H

TOJIBKO I10CJIC BAYMYUBOI'O pCAAKTUPOBAHUA IICPCIINCAThL B TCTPA/b,



Q. Bormpochl 1 3a1aun KOHTPOJIBHOM pabOThl MEPENUCHIBAIOTCA MO-TIOPSIKY,
MOJIHOCTBIO U MTOYEPKUBAIOTCS.

10.  Ha xaxxaplif mepenucanHblil BOMPOC Cpasy ke AaeTCsl OTBET

11. Tlocne kaxaoro OTBeTa Ha BONPOC OCTABJISIETCS HE3AMOJHEHHOE
MIPOCTPAHCTBO, a B KOHIIE pabOThl — 1-2 CTpaHUIIBI SIS pEIICH3HH.

12. KontponbHas pabora JomkHA ObUIb HallMCaHa pa300pYMBO U BBITIOJIHEHA
aKKypaTHO.

13. Yeprexu, nauarpamMmbl, CXeMbl, TpaduKH, PUCYHKH BBIMOJHSIIOTCS
KapaHJalloM WM TYIIbIO Ha OTAEIBHOM JIMCTE HEJIMHOBAaHHOM OyMaru (HO HEe Ha
KaJIbKe WM MUJUIMMETPOBKE) B cooTBeTcTBUM ¢ ECKJ]l M ¢ mprMeHEHHEM 4epTeXHbIX
UHCTPYMEHTOB (IIUPKYJIb, JIMHEWKA U T.J.), @ 3aT€M BKJIECUBAIOTCS WJIH MOAIIUBAIOTCS B
TEKCT OTBETA, HO HE B KOHIIE TETPAJH.

Hannmucu nemarorcst deprexHbM  mpudToM. YepTeku, BBHIMOTHEHHBIE Ha
OTJIETFHBIX JIUCTaX MO pa3MepaMm, IMPEeBHIIAINUM (GopMaT TETpaau, CKIaJbIBAIOTCS
TaK, 4YTOObI OHM HE BBIXOJIUJIU 32 €€ Kpail.

14. B xonme paOoThl [daeTcsd TNEpedYeHb WCIIOJIb30BAHHON JUTEPATYPHl C
yKa3aHUEM Tojia U3JJaHusl, CTaBATCS MONKUCH, 1aTa BHITTOJIHEHHUS.

15. TIlocne BbINOJHEHUS PA0OTHI CIEAYET MPOBEPUTH: MOJTHOCTBIO JIM OHA
COOTBETCTBYET TPEOOBAHMS METOIMYECKUX YKA3aHUIA.

16. BeicmanHas W3 KoJUIeIkKa HAKJICHKa IMOMEIIACTCsl Ha JIUIEBOW CTOPOHE
00JI0)KKU KOHTPOJIbHOU paboThl. CemyeT 3amoaHuTh Bee ee rpadbl, 3a HCKITFOYCHUEM
KacarolMXcs peleH3upoBanus (haMuauu MpenojiaBaresis, OLUEeHKH, AaThl U MOJIUCH),
WMst 1 0TUECTBO CTYJIEHTA MUIIIYTCS MOJTHOCTHIO.

17. B nezau€tHOU paboTe OTBETHI NOPaOATHIBAIOTCS HA OCTABIIMUXCS YHCTHIX
JUCTaxX, MocJie JOpabOTKH KOHTPOJIbHAsE paboTa BhICHLIAETCS HA PELIEH3UIO.

Ecnu, cormacHo peneH3uu, He3au€THasi KOHTPOJIbHAs padoTa JOJKHA OBITh BBIMOJIHEHA
NOBTOPHO WJIM 1O JPYroMy BapuUaHTy, TO OHa BBICHUIAETCS BMECTE C BHOBb
BBINIOJIHEHHOM HA ITOBTOPHYIO PELIEH3UIO.

18. Pa0oThl, BBIIOJHCHHBIE HE B COOTBETCTBUH C  TpeOOBaHUSAMHU

METOJMYECKUX YyKa3aHUW wuiuM 0e3 yuera yKa3aHUM, JAHHBIX B PELEH3USIX 10

npeabLAyIuM paboTaM, HE 324U THIBAKOTCSI.



19. OrtBeTbl Ha BONPOCHI KOHTPOJILHOM pabOThI AatOTCS B 00bEME MaTepUaos,
U3JIOKEHHBIX B YKAa3aHUSIX W B PEKOMEHJOBAHHOW B TMOSICHUTEIBLHOM 3aIKCKe

JUTEpaType.

2. MeToauyeckue YKa3aHUM MO BbINOJHEHHIO KOHTPOJIbHOI padoThI

OtBeThl Ha TeopeTndeckue Bonpocsl 1, 2, 3, 4, 5, 6, 1aroTCsI B COOTBETCTBHUU C
PEKOMEHIyEMOU JTUTEpaTypour

CenpmMoil BOIPOC UMEET AECATh BapUaHTOB. B OTBeTe Ha Ka)KIblil U3 BapUaHTOB
TpeOyeTcss HAaUepTUTh JAHArpaMMy COCTOSIHHS JKEJ€30-yriepoJa U MOCTPOUTh KPUBYIO
OXJIAXKJEHUS CIUIaBa C 3a/]aHHBIM COJEpP’KaHHEM yriiepoda IpPU €ro MEIJIECHHOM
oxyiaxkaenuu ot 1600 mo 0° C.

Onucarbs npeBpanieHus, MPOUCXOASIINE B CIUIABE, U CKOPOCTU €ro OXJIaKIACHUs
Ha KaXXJOM YYacTKe KpHBOW; IOCJE Yero JaTh OMpeNeJeHHUE BCEM OO0pa3yrOMIMMCS
CTPYKTypam.

HuarpamMmma noikHa OBITH HauepyeHa B COOTBETCTBUM C MYHKTOM 16 o0mmx
METOAMYECKNX YKazaHuW Ha Jjucte pasmepoMm 204*334 mm, paBHOM Qopmarty
pa3BEpHYTOU TETPaIH,

Jluarpamma 4epTUTCS MOJHOCTBIO, KaK Ha puC 1., ¢ yKa3aHUEM CTPYKTYp BO BCEX
ee 30Hax ¥ B MacmTaode: no Beptukaiu B 1 cm — 100° C u o ropuzoHTanu B 2,5 cM —
1% yrnepona.

O06o03HavYeHHs] CTPYKTYp B 30HaX JUArpaMm JOJHKHBI ObITh BBIOJTHEHBI TaK Ke,
KaK 3TO IIOKAa3aHO Ha puc. | Meroguyeckux ykasaHuu. JUIsi KpUBOM OXJaKICHUS
MacmTad Mo BEPTUKAIU TOT K€, YTO U JUJISl TUarpaMmbl, a IO TOPU3OHTAIU (BpeMs B
CEKyHJaX) BHIOMPAETCS C pacyeToM, YTOOBI KpUBasi MOMECTUIIACH CIIPaBa OT AUarpaMMbl
KaK 3TO MOKa3aHO Ha pucyHke l. Temneparypbl Ha KpUBOM OXJIAXJICHHUS OKPBIBAIOTCS
B Ipajiycax, a He OyKBaMu WM IUPpPaAMH.

[Ipu oTBeTe Ha BOoNpocC 7 pyKOBOACTBYUTECH CIAEAYIOIINUM IUIAHOM:

1. BbIY4epTUTH MOJHOCTBIO JUArpamMMmy COCTOSIHHS KEJNE30-yIJIepOoAd, CIpaBa OT
HEE CHUCTEMYy KOOpAMHAT (TeMmreparypa — BpeMs) MJs TOCTPOCHHUSI KPUBOM

OXJIAXKACHU. IIo ocu «BPEMI» HH(prI HC CTaBATCA, T. K, 3Ta KPUBasA CXCMAaTUICCKas.



2. Ha ropu3oHTaJIbHON OCH COJEpkKaHUS KOMIIOHEHTOB OTMEYAEM 3aJaHHYIO
KOHLEHTpalMIO yriaepoga M 4Yepe3 Hee MPOBOJUM BEPTUKAJIBHYIO JIMHMIO,
NIEPECEKAIOIIYI0 BCE JIMHUM IuarpaMMbl, TOYKH IEpeceyeHuss OTMedaeM (Harpumep,
TOukamu). B kaxgoil Takoll To4uke B CTPYKType CIUIaBa MO Mepe OXJIAXKIACHUS
OPOUCXOANUT Kakoe-TuOo mpeBpamieHne. Yepe3 KaxIyl0 OTMEUEHHYIO TOUKY BEAEM
HAIpaBO TOHKYIO (WU TYHKTUPHYIO) TOPU3OHTaIbHYIO JUHHIO. [Ipecedenue sToii
JIMHUY C BEPTUKAJIBHON OChIO MOKAXET TEMIIEPATYPY COOTBETCTBYIOLIEIO MPEBPAILICHUS
B cmaBe. [loaromy Ha kpuBOW oxyaxaeHus OyAeT TOUYKa M3MEHEHMsS HaKJIOHA WM
TOPU30HTAJIBHBIN YYaCTOK.

3. Ecim nuHMA 3amaHHOrO cocrtaBa nepecekaer nuHuio ACJ] auarpammber —
JUKBUIYC, TI€ NPOUCXOAUT MEPBUYHAS KPUCTALIM3AUUSA U3 JKUJIKOTO COCTOSHUS, TO
OXJIAXKJICHHE 3aMeJUIsIeTCs, M KpHUBas OXJIAXIACHUS HUXKE JJaHHOW TeMIlepaTypbl
CTaHOBUTCS OOJIee MO0 oM.

4. Ecnu nuHus cocraBa nepecekaet jquHUo GSE (BTopuyHas KpuCTaLIU3aIus),
/1€ MPOUCXOIUT BbICJIEHNE U30BITOYHON TBEPAOU (Pa3bl, TO OXJIAXKACHUE 3aMeJISeTCH,
U KpHBasi OXJIAX/ICHUS HUXKE TaHHOW TeMIepaTypbl CTAaHOBUTCS Bce 0o0Jiee MOJIOTOM.

5. Ecam nuams 3amanHoro cocrtaBa mnepecekaer JnHiO ECF (sBTekTHMueckoro
neaedyputHoro mpeBpaumieHus) npu 1477° C wnm ngunuio PSK  (sBTEkTOMIHOTO
NEPIUTHOTO mpeBpaiieHus) npu 727° C, TO Ha KPUBOW OXJaXACHUS MNPHU JaHHBIX
TeMIlepaTypax 00s3aTesIbHO OyI€T TOPU30HTAIbHBIN yUaCTOK.

6. Ha yuactke AE nuHusA conuayc Npu ayCTEHUTHOM IPEBpPALIEHUM CIUIaBa
JanbHEHIIeH KpUCTATM3AIMK HE TPOUCXOINUT, U MOATOMY KPHUBasi OXJIAXKICHUS HUXKE
ATUX TEMIIEpATyp CTAHOBUTCS OOJee KPYTOH, T.K, OXJIAKICHUE 3aMEIIETCS.
PaccMoTpuM mnpuMmep oxJaxkJIeHus CIulaBa (3a’3BTEKTOMIHOM CTaju), COJEpIKallero
1,4% yrnepona.

B unrepBane temnepatyp ot 1600 no 1470°C cnnaB >KUIKUH U OXJaXAAeTCs
OBICTPO, T.K, NpEBpallleHUd B HEM HE NPOUCXOAMUT, KPHUBAs OXJIAXKACHUS KPYTO
OITYCKaeTCsl BHU3.

ITpu 1470°C Ha muann nukBuayc AC HauyMHaeTcs NEepBUYHAS KPUCTAJUIU3ALIMSL.

N3 KHNIKOIro CIljiaBa (B JaHHOM HpI/IMepC) BBIACIIAIOTCA M30BITOYHBIC 10 OTHOIIICHHUIO K



ABTEKTUKE KpUCTAIUIBI aycTeHuTa [103TOMYy CKOpPOCTh OXJIaXKIEHHS 3aMEMISIETCs, T,K,
BBIICIIIETCS CKPBITas TEIUIOTA KPUCTAIIA3ALUH.

IIpouecc kpucramzanuu a0 temneparypsl 1300°C na nunuu AE. B untepBane
temneparyp oT 1300°C go 900°C xpucramnuzanuss HE MPOUCXOIUT, TBEPAbIM CILIAB
UMEET CTPYKTYPY ayCTEHUTA.

CmnaB oxJaxaaercst ObICTpee, U KpuBas OXJIaXACHUS (CM. IMTyHKT 6) CTAHOBUTCS
Kpyue.

IIpu Ttemnepatype 900-727°C na nuuun SE HauumHaeTrcss BTOpUYHAs
kpuctamumizanusa.B  unTepBanie  Temnepatyp 900 — 727°C w3 aycTeHUTA
KPUCTANIU3YETCSl LIEMEHTUT BTOPWUYHBIM,  BBIACISETCS TEIUIOTA KPUCTAJUIM3ALUU.
OxmnaxcaeHue 3aMeJIsIeTCs, U KpUBasi CTAaHOBUTCS O0Jiee T0JIOTOH.

[Ipu 727°C nunus cocrtaBa mnepecekaer auHuto PSK, u cmnmaB mpuoGperaer
IBTEKTOMJHYK KOHLIEHTpAUuo0. AYCTEHUT MpPEBPAIIAECTCS B IEPJIHT, MPOUCXOIUT
ABTEKTOMJAHOE — MEPIUTHOE IMpeBpalleHne. Ha KpuBOW oXJaxAeHus (CM. IMyHKT 5)
oOpa3yeTrcss ropu3OHTaNbHBIN ydacTok. Hwke temneparypel 727 °C CTpyKTYpHBIX
IIPEBPALLEHUN HE TPOUCXOAMT, U CIUIAB HAUMHAECT MEJJIEHHO OXJIAKIAThCS.

OxkoHyaTenbHasi CTPYKTypa IAHHOTO CIJIaBa — MEPJIUT U IEMEHTUT BTOPUYHBIN.
Jlanee naroTcsd ONMCAaHUS NOJYYEHHBIX CTPYKTYp (B JaHHOM cCllydae MEpJIuTa U
BTOPUYHOTO LIEMEHTUTA).

ITo Bompocy 8 BKIFOYEHO AECATh BAPUAHTOB, KaX bl U3 KOTOPBIX MPEACTABISAECT
3aJlaHue Ha TEPMHUUECKYI0 00pabOTKy JleTaneil, MpuBeCHHBIX B Ta0nuIle 3a 3a/1aHus.
Hampumep, Ha Bompoc: «YKaXuTe Ha3HAu€HUE, ONpEIEeIUTE TeMIlepaTyphl Harpesa,
IPOJOJKUTENBHOCTh HAarpeBa M OXJAXKJAIOIIME CpeAbl JJI1 OTXKWUra, HOpMalIHU3aluu,
3aKaJKy W OTIyCKa 3aJjaHHON neranu». OTBET MOJDKEH ObITh JaH 1o ¢opme Tadm. 1A,
r7ie IPUBEAEH IpUMEp sl MapKu ctanu Y 12 ¢ tonuuHo#n aetanu 20 MM.

Buner Tepmoo6paboTKH — OTKUT M HOpMaJIM3alus 3alodHeHb! A1 mpumepa. 1o
TaKOMY MPHUHIIMITY JOJKHBI 3alOJIHATHCS BCe rpadbl TaOIHUIIBL.

Ha3znauenue TepMoOOpaOOTKM — OTKUI M HOpMalv3alus 3aroJHEHBI s
npumepa. [lo TakoMy mpuHIUIY JOTHKHBI 3aMOTHATHCS BCe Tpadpl TaOIHII.

Ha3nauenue pa3nuuHbIX BUJOB TEPMOOOPAOOTKH, METOMAbI OIpeneieHus

TCMIICPATYPbI HArpesa MHIpOAOJDKUTCIBHOCTL HArpeBa, NpOAOJLKHUTCIbHOCTU HArpcBa,



CKOPOCTH OXJIQXKJICHUS U COOTBETCTBYIOIIME OXJIAKIAIOIINE CPEMIbI TaHbl B YKa3aHHIX
M0 U3YYEHUIO TEPMUYECKONU 00pabOTKH.

OmnpeneneHue TeMIlepaTyp HarpeBa I OT)KHra, HOPMAJIM3AIMH W 3aKaJK{
3aJJaHHOW MapKH CTalHM CJeayeT MOoKa3aTh Ha JAuarpaMmMe, Kak 3TO PEKOMEHIOBAaHO B
yKa3aHHBIX 1O W3YYCHUI0 TEPMUYECKOW OOpabOTKM METauioB Ui OTXKWTra,

HOpMaJIM3alMK U 3aKaJIKU cTtanel, cogepxamux 0,4 u 1,6% yriaepona.

2.1 Yka3zaHnusi o U3y4YeHNI0 TepMUYeCKOH 00padoTKH MeTA/LI0B

Tepmuyeckoil (TermIoBoM) 00pabOTKON HA3BIBAIOT TEXHOJOTHYECKHUE MPOLIECCHI,
COCTOSAIIIME U3 HATPEBa, BBIACPKKU U OXJIKICHUS METAUIMYECKUX H3JEIHM C 1eIbIo
M3MEHEHUS X CTPYKTYPhI U CBOMCTB NMPU HEU3MEHHOM XUMHUYECKOM COCTaBeE.

Pexxum Tepmuueckoil 00pabOTKH XapakTEepU3YIOT CIEAYIOIUEe OCHOBHBIC
napameTpsbl:

— TeMmIlepaTypa HarpeBa;
— BpeMs BBIIEPKKH CIUIaBa MPU TEMIIEPATypEe HArPeBa;

— CKOPOCTb HAarpe€Ba U CKOPOCTb OXJIAXKICHUA.

IIpeBpalieHus B CTAJIU NIPU HATPeBe

[Ipu oTxure, HOpManU3alMU U 3aKaJKE CTallb CJIEAYyET HarpeBaTh /10 COCTOSIHUSA
aycTeHuTa. TemrepaTypa ompenensieTcs mno auarpamme (puc 2) B 3aBUCHUMOCTU OT
COCTOSIHUSI B CTaJIM yTIEPO/ia U BUIa TEPMOOOPAOOTKH.

Temneparypsl HarpeBa il TEPMHUYECKOM OOpaOOTKM MOTYT 3a/1aBaThCsl HE
TOJIbKO JIMHUSIMU Ha JHarpaMMe, HO M KPUTHUUYECKUMHM TOYKaMHU, TaK KaK JIMHUH
JMarpaMMbl TIPEJICTABIISIOT COOOM reOMEeTpUYECKUEe MeCTa KPUTUYECKUX ToueK. JImHus
PSK na nnarpaMmme ectb reOMETpUYECKOE MECTO TOUKE ACq NMPHU HarpeBe Wik Ar; Ipu
oxJaxaeHuu. Takum oOpa3oM, MOKHO 3aJlaTh TeMIepaTypy HarpeBa Junuen PSK umun
TOYKOM Ac,, exkaiiei Ha Heil. JIunua GS npencraBisieT reoMEeTpUYECKOe MECTO TOUKE

Acsz unu Ars, 1.e. IloctpoeHna u3 Touke Acs, MOJYYEHHBIX NPU HArpeBaHUU, WU U3
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TOYEK Arz — IIPU OXJaXICHUH, a JIUHUA SE — reomerpuyeckue mMecra Touek Acy U
Arp,. Temnepatypsl Touek Ac U AT HECKOJIBKO OTJIIMYAKOTCS APYT OT APYTa.

[Tocne pocTmkeHMs HYKHOW TeMIeEpaTypbl HarpeBa JAeTajb JOJKHA ObITh
BBIJIEP)KAHA IIPU ITOM TeMIlepaType B TEYEHUE BPEMEHU, AOCTATOYHOIO Ui €€
IIPOrpeBa M0 BCEMY CEYEHUIO.

JUts oTKuUra, HOpMaIU3ally U 3aKaJIKK BPEMsl HA HarpeB B OCHOBHOM 3aBHCHUT OT
pa3MepoB U (OpPMBI AETANIM, OT €€ XMMUYECKOTO COCTaBa, OT BUJA HArpeBaTEIbHOIO
YCTPOMCTBA, OT BHJIA HAIPEBATEIBLHOIO YCTPOMCTBA M ONIPEAEIIAECTCS 10 CIIPABOYHHUKY,
[Ipu oTCyTCTBHM CIIpaBOYHUKA JUIS AETAJIEU U3 YIIIEPOAUCTON CTajau BpEMs Ha HarpeB B
KaMEpHBIX I1€4aX OPUEHTUPOBOYHO MOKET OBITh ONPEEICHO B 3aBUCUMOCTH OT (POPMBI
U pa3MepoB naeranu, [nsg oTxkura, HOpMalaW3alUd M 3aKajJKd BpPEMs HAa HarpeB M
BBIJICPKKY B I€YM MPU 33JaHHOW TeMIepaType OpUEHTHUPOBOYHO Oepercs U3 pacuera
1o 1,5 — 2 MUHYTBI Ha Ka)KJIbIi MAJUTUMETP AUAMETP WU TOJIUHBI JETaIH.

Jlns Huskoro otmycka BpeMs Bbiaepkku mpu 200°C npunumaercs paBHbM 30
MUHYyTaM, Uit cpennero ormycka npu 400°C — paBHbiM 20 MHHYTaM M BBICOKOIO
ornycka npu 600C — paBubiM 10 mMunytam. Kpome Toro, mis Bcex BHUIOB OTIYCKa
npubasisiercs o 1 MUHYTE Ha KaXKIbli MIJIJTUMETP IMaMeTpa WK TOJIIMHBI 1€Talu.
CKOpOCTh OXJIAXKICHHS BHIOMpPAETCsl B 3aBUCUMOCTH OT BH1a TEPMOOOPabOTKH.

[IpeBpatienne npu HarpeBe CTajad U3yYUTE M0 YUCOHUKY.

Orxur

OTXUr sBIAETCS NMEPBOHAYAIBHON oOlepauueld TepMHUYECKO 00pabOTKH, Lielb
KOTOpON — JMOO0 YCTPAaHUTh HEKOTOPHIC NEe(EKTHI MPEbIAYIIUX OIepanuil ropsyei
00paboOTKH (JIUThA, KOBKM U T.J.), JMOO MOATOTOBUTH CTPYKTYPY K TMOCIEIYIOIIUM
TEXHOJIOTUYECKHUM OTeparusaM (Hanpumep, 00paboTKe pe3aHbeM, 3aKaJIKe).

OcHOBHBIE  1€AM  OTKHUIa yCTpAaHEHHWE  BHYTPEHHUX  HampsDKEHUH U
NEPEKPUCTAIIIU3ALIMS CTAIIH.

Jlns omxura yriepoaucteie ctanu HarpeBatoT Ha 30...50°C Beime aunun GSK.
Oxnaxxienre MeaiieHHoe (0OBIYHO BMECTE C IMeubio) co ckopocThio 20 + 100 rpas/yac.

B OonbminHCTBE CJIydacB HO3BTCKTOMAHBLIC CTAJIM IMOABCPIarOT IMOJIHOMY OTKUTY —
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HarpeBaroT BbINe JUHUU GS, a IBTEKTOMAHBICE M 3a3BTEKTOHUJHBIE — HEMOIHOMY
OTXKUTY C HarpeBoM BhIme JuHIN SK.

JIJ1st HaXOXKIEHUS STUX TEMIIepaTyp Ha OCH aOCIIUCC JUarpaMMbl HAXOAST TOUKY,
COOTBETCTBYIOIIYIO CTaJlM C 3aJlaHHBIM COJCp)KaHMEM yrjiepoja, W U3 Hee
BOCCTaHABIMBAOT MEPHEHIANKYJISIP 0 MEPECeYCHUs C JIMHUSIMHU TUarpaMMbl, 3aTeM U3
MOJIYYCHHBIX TOUYEK NEPECeUeHU MPOBOMAAT JIMHUM, MapajuiebHble ocu abcuuce, 10
MIEPECCUCHHsSI C OChIO OpJMHAT W Ha HEH HAXOAAT TEMIIEPaTypbl KPUTHUYECKUX TOYCK,
COOTBETCTBYIOIIMX TeMIIEpaTypaM Harpena, K KOTopsiM n100aBistoT emre 30... 50°C.
Tak, Hapumep, ISl OTXKUTa cTau, coaepxkamen 0,4 % yriaepona, morpedyeTcs: HarpeB
Ha 820 + (30...50), a nmna cramu, coxaepxamen 1,6% yraepoma - 727+(30...50).

[IpeBpattienust mpu OTKUTE BTOPOTO POJIa U3YUUTE MO YUCOHUKY.

Hopmanuszanus

Hopmanuzanuss Ttakke SBIAETCS IEPBOHAYAIBHOW ONEpanuend TEPMHUYECKOU
00paboTKM, 1eb KOTOpPOW - ToNHas (a3oBOMl MEpeKpUCTAIM3alUS CTalld U
YCTpaHEHHE KPYMHO3EPHUCTON CTPYKTYphI, MOJYyUYEHHOM MpPHU JUTHE WM IPOKATKE,
KOBKE WJIM IITAMIIOBKE, MTOJIy4YeHUE 00J1€€ BBICOKOW MPOYHOCTH CTAJIH.

st Hopmanuzanuu crainb HarpeBatoT Ha 30...50 °C Beimie nuanu GSE (Touka A
€z Il TOPBTEKTOMAHBIX CTaiel u AcM JJis 3a’BTEKTOMJHBIX, KaK 3TO IMOKa3aHO Ha
auarpamMMme IS cTaju, coaeprkamei 1,6% yrieponaa).

OxJTaXx1ar0T Ha CIIOKOMHOM BO3yXe co ckopocThio 50...100 °C rpan/yac.

B pe3ynbrare ctanb U3 KpymHO3EPHUCTONW MPEBPAIIAETCA B MEJIKO3ZEPHUCTYIO, U3
XpyIKOH B 0oJiee BA3KYIO.

[IpeBpatienrie npyu HOPMATU3ALKMKI CTAIA U3YYUTE MO YUEOHUKY.

3akaJjaka

3aKaka CHOCOGCTByeT IMOBBIMNICHHUIO IIPOYHOCTH M TBCPAOCTH, ITOHHIKCHHIO

3JIaCTUYHOCTH CTAaJIH.
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JInst 3akajku CTajdb HarpeBaroT A0 cocTosiHus aycreHuta Ha 30...50 °C Bblie JUHUU?
GSK (Toukm Az s MOIBTEKTOMIHOW CTaM WX #€1 s 3a3BTEKTOWIHON).
OxnaxzaatoT O6b61cTpo. OPUEHTUPOBOYHO, MPU YCIOBUH, UYTO JECTAIW UMEIOT OOBIYHBIC
pasMepel U (opmy, OXJaxaarouias cpela MMEeT HOPMAaJbHYI TEMIIepaTypy Lexa
(18...20 °C), MOXHO MPHUHATH, YTO CKOPOCTH OXJIAKICHHUS MEXKIY METAIINYECKUMHU
IUIUTaMH WK 001yBKoi Bo3ayxoM coctasisieT 10...50 °C B cek, B macie 100 °C B cex
u B Bojge 200 °C B cek. bojee TOYHO CKOPOCTH OXJIKACHHUS OMNPEACISAIOT IO
CIIPaBOYHHUKY.

B 3aBHUCHMMOCTM OT CKOpPOCTM OXJIQXJACHHS AayCTEHHT IpPEBpallaeTcs B
CJIETyIOIINE OCHOBHBIE CTPYKTYPBI: IEPIUT, COPOUT, TPOOCTUT U MAPTEHCHUT.

CKOpOCTBIO U BPEMEHEM paclajia aycTeHuTa (raMma ->anbga MpeBpalieHueM)
yHOpaBisioT 1Ba ¢aktopa. [lepBrlil - BenmnunHa MepeoxIaXACHUSI HUKE 41 OT KOTOPOTO
3aBUCHUT JBWKYILAsl SHEPTUs npeBpaiienus. Bropoii - Temnepatypa ctanu, oT KOTOpOi
3aBUCUT CKOPOCTh MU Py3un (MOJBUKHOCTH) aTOMOB, MMOSTOMY Ha pacmaj ayCTEHUTa
HE00XO0IUMO BpEMSI.

CneBa OT KpUBBIX pacmaga JIeKUT  00JacTh  MEPBOOXJIAXKICHHOIO
(HepacmaBIIerocs), HECMOTPSI Ha OOJIBIIOE TIEPEOXTIaXKICHUE, AyCTCHUTA.

Ecmm xpuBas oxnaxnaenus (Y1 Vn) mepecedeT KpUBYIO pacraja, TO MPOU30UIET
OJIMH W3 BUJOB NEPIMTOBOr0o pacnana. Eciam kpuBas OXJaXIEHUS NPOUJIIET JieBee
KPUBBIX paclaja, TO MNEPEOXJaXACHHBbIN aycTeHUT mnpocyuectsyer no 240 °C u
IPEBPATUTCS. B MAPTEHCUT MO 0e3audPy3noHHOMY MeXaHu3My, T.K. Temneparypa yxe
CJIMIIIKOM HH3Kasi, 4YTOOBI MPOU30IILIA IEPErPyIITUPOBKA ATOMOB.

B 3BTeKkTOMAHON YTIEPOIUCTOMN CTANIM MPU €€ MEJICHHOM OXJIAXACHUHU ayCTEHUT
Ha JIMHUM TIepauTHOro npespatenus npu 727 °C win npu 1 u Vanpu nepeoxiiaxieHuu
10 650 °C npeBpaliaeTcsi B HepuT.

ITpu ckopoctu oxnaxaenust V3 okomno 10...50 °C B cek ayCTEHUT mpeBpaIIaeTCA
B COPOUT 3aKajKu, MPEACTABISIONIUX COOO0H, TaK ke KaK MePJIUT, MEXaHUYECKYIO CMECh
IUTACTUHYATHIX KPUCTAJUIOB LIEMEHTUTAa BTOPUYHOI'O, PABHOMEPHO PACHPEEICHHBIX B
beppuTte, TOIBKO B pe3ybTaTe MEPEOXIAKACHHS 00JIee TOHKHX

[IpeBparnienre aycTeHUTa B COPOUT MPOUCXOAUT MPHU TMepeoxyaxkaeHuu a0 600 -

650 °C. OxnaxaeHue g 3aKajJkKd Ha COPOUT OOBIYHO MPOUBBOAIT MEXKIY
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METANIMYECKUMH  TUIMTaMH  WIH  O0AYBKOM Bo3nyxoM. CopOUTOM Ha3bIBaeTCs
CTPYKTypa AUCTIEPCHOM MJIACTUHYATON cMecH neMeHTuTa u dhepputa. CopOuT obmagaet
BBICOKOW BBIHOCIMBOCTBIO, OH XOPOILIO CONPOTHUBISETCA YAAPHBIM M NEPEMEHHBIM
Harpyskam, ero TBepaoctb HRC = 30. CtpykTypa copOuTa T0IKHBI UMETh KOJICHUAThIC
BaJIbl, IIATYHbl M JPYTUE JAETalId, padOTarolue MpU YJIApHBIX M 3HAKOIEPEMEHHBIX
Harpy3kax.

IIpu cxopoctu oxnaxaeHus okoio 100 °C B cex ayCTEHUT mpeBpaIlacTcs B
TPOOCTUT 3aKaiku. [IpeBpailieHne aycTeHUTa B TPOOCTUT MPOUCXOAUT MPH
nepeoxyaxaeHun a0 500 - 600 C. OxnaxaeHue aJs 3aKajlKd Ha TPOOCTUT OOBIYHO
MPOU3BOJIAT B MAITMHHOM MacJie.

TpoocTUTOM Ha3bIBae€TCsl TOHKOAUCIIEPCHAs TUIACTUHYATash CMECh LIEMEHTUTA U
dbepputa. Tpooctutr oOJagaeT BBICOKOM ympyrocthio, ero TBepaocth HCR = 40.
CTpyKTypy TpOOCTUTa JIOJKHBI HMETh PECCOPBl, MPYXKUHBI U JpyTrHe AeTaiu, OT
KOTOPBIX TpeOyeTCs BbICOKAs YIPYTOCTb.

IIpu ckopoctu oxnaxnaenus 6osiee 200 °C B cexk ayCTEHUT MPEBpAIIACTCS B
MapTEeHCUT. B 3TOM ciydae ycrieBaeT NpOU30MTH TOJIBKO MEPECTPOMKA PELIETKH raMMma-
’Keje3a B HECKOJIbKO MCKaXEHHYIO pelIeTKy aib(a-kene3a 0e3 BbIJICICHUS yIiiepoa,
KOTOPOr0 B ayCTEHUTE COJACPKUTCS 3HAYUTEIBHO OOJIbIlIe, YEM MOXKET PACTBOPUTHCS
Ipy HOPMAIbHBIX YCIOBHUSX B anbda-xkenese (peppure). OmHakoO B MapTEHCUTE
OCTaeTCs HEKOTOpOE KOJIMYECTBO AayCTeHUTa, HE YCHEBIIErO0 MPEBPATUThCA B
MapTEHCHUT, TaK Ha3bIBAEMOT'O OCTATOYHOrO aycTeHuTa. (OCTaTOYHBIA ayCTEHUT B
ABTEKTOMJHOM CTajy MpEeBpallacTCs B MApPTCHCUT MPU €ro JalbHEHIIeM OXJIaXICHUU
o 50 °C uwmxe Hyns. Takum 00pa3oM, NpeBpallleHUE ayCTEHUTa B MapTEHCUT
HauuHaeTcs g npu nepeoxnaxaeHuu 1o 240 °C, a 3akanunBaerca npu muHyc 50 °C.
OxJtaxIeHue I 3aKaJIKM Ha MApTEHCUT IIPOU3BOJIST B BOJIE.

MapTeHCUTOM Ha3bIBAETCS TIEPECHIIIEHHBIN TBEPABIN PAaCTBOP yTiieposia B anb(da-
xesesze. MapTeHCUT UMEET UT0JIb4YaTyI0 CTPYKTYPY, €r0 TOHKHE BBITSHYThIE KPUCTAILIIBI
MOX0>MW Ha UrJibl. MapTeHCUT OYEHb TBEPJ U XPYyIoOK, ero tBepaoctb HCR = 60...65.
TBepaOCTh MAapTEHCUTA 3aBUCUT OT CTENEHU MEPECHIIEHHOCTH YTIEPOJIOM, TTOITOMY,

yeM OOJIbIIIE B CTATH yrijepoaa, TCM BbIIIC €€ TBCPAOCTD ITOCJIC 3aKaJIKU.
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Cranu, coxepxamue yriaepona Mesblue 0,3%, 3akaliky IPaKTUUYECKH HE
OPUHUMAIOT (HE 3aKaJIMBAIOTCSA).

CTpyKTypy MapTEHCUTa JIOJDKHBI MMETh METaJUIOPEXYUIUE HHCTPYMEHTHI, OT
KOTOpBbIX TpeOyeTcsi BbICOKas TBEPAOCTb. OJHAKO MapTEHCUT OOJaJaeT TaKkKe U
BBICOKOW XPYNKOCTBbIO, YTO HEIONYCTUMO [JIsi HMHCTPYMEHTa, MO3TOMY JETalH,
3aKaJeHHbIE HA MAPTEHCHUT, JIJIi YMEHbBIICHUS UX XPYNKOCTH 0€3 3aMETHOT'O CHUKEHUS
TBEPAOCTH MOABEPraroTcs OTIycKy. IIpeBpaleHuss B cTalnu MpU 3aKalIKe U3YUUTE I10

y4eOHUKY.

OTnyck

OTryck TpOM3BOJAT MJI CHUXKEHUS WM TIOJHOTO YCTpPaHEHUsS BHYTPEHHUX
HANPSHKCHUH, YMEHBIICHUSI XPYIKOCTH 3aKaJIEHHOW CTaly M TOJy4deHus TpeOyeMon
CTPYKTYpPbI U MEXaHHUYECKUX CBOMCTB.

OTmyck - 3aKIlOuMTelIbHAs omeparusi TEPMUYECKOM 00pabOoTKu, Mpuaaroas
CTAJIbHOMY M3JEJIUI0 OKOHYATENIbHbIE CBOMCTBA. Il OTIIyCKa HAarpeB 3aKaJeHHOU
CTaJIu OCYIIECTRIISIOT JI0 TeMiiepaTypsl He Boiie Acl (727 °C).

[Tpu narpese 10 100...150 °C npoucxoaUT UCKYCCTBEHHOE CTapEHUE MAPTEHCUTA, MPHU
ATOM OCTATOYHBIN ayCTEHUT MPEBPAIAETCS B MAPTEHCUT, YTO CTAOMIIU3UPYET Pa3MeEphI
JeTaJeu.

IIpu narpeBe g0 150...250 °C (HuU3KUH OTIYCK) MapTEHCHUT MPEBpaIAcTCsS B
OTHYIICHHBIM  MapTEHCUT, 3HAYUTEIBHO YMEHBIIAET CBOK  XPYNKOCTh MPH
HE3HAYUTEILHOM YMEHBIICHUU TBEPAOCTH. [Ipu 3TOM 113 MapTeHcHuTa (MEPECHIIIIEHHOTO
pacTBOpa) HAUYMHAET BBIIEIATHCS W3JIUIIHE PACTBOPECHHBIM B HEM YIJIEPOJ B BHJE
neMeHTuTa. OJHaKO IIEMEHTUT HE yCIeBaeT o0pa3oBaTh 00OCOOJEHHBIE KPUCTAJUIBI,
OCTaBasiCh KOTEPEHTHO (4Uepe3 OOIMiA TOTPAHWYHBIA CJIOW aTOMOB) CBSI3aHHBIM C
MapTEHCHUTOM.

IIpu narpese no 350...450 °C (cpennuii OTIYCK) MapTEHCUT MPEBpAIIACTCS B
TPOOCTUT OTITycKa. [Ipu 3TOM KpHUCTaIbl IEMEHTUTA CTAHOBSTCS YK€ 000COOJICHHBIMH,
XOTSI U OYEHb MEJIKUMH.

Cranp nproOpeTaeT ynpyrocrb.
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ITpu 450...650 °C (BBICOKMI OTIYCK WM YiydllleHHe) oOpaszyercs cOpOUT
OTITyCKa, Yy KOTOPOTO KPHUCTAUTBl I[EMEHTUTA CTaHOBATCA emie Oombiie. Cranb
pUOOpETaeT BHIHOCIUBOCTh K IEPEMEHHBIM HAarpy3KaM.

JlanbHelunii HarpeB BeJleT 3a co00il mocie0BaTebHbIE TPEBPALICHHS B IEPIIUT
¥ ayCTCHUT COTJIACHO MarpamMMe COCTOSHUS CIIJIaBOB.

OTnyck Ha OTMYUICHHBIM MapTEHCUT HA3bIBAIOTCS TaKKE HU3KUM OTIIYCKOM,
OTITYCK Ha TPOOCTHUT - CPETHUM, a Ha COPOUT - BEICOKUM OTITYCKOM HJIU YITyUIICHUCM.
Takum 00pazoM, CTPYKTYpbl COPOUTA U TPOOCTUTA MOKHO TIONYYHUTh JBOSKUM ITyTEM -
ar00 OXJXKICHHEM W3 ayCTeHWTa, MO0 HarpeBaHWEeM W3 MAapTEHCUTa, OIHAKO
CTPYKTYPBI OTITyCKa 00JIaJaf0T JIYIIIMMH MEXaHUYECKHM CBOMCTBaMHU.

OxnaxaeHue Mpu OTIMYCKE YTIAEPOJUCTON CTalid OOBIYHO MPOU3BOAUTCS Ha
BO3/yXe€.

Teoputo u MPaKTUKY OTITyCKA U3YUUTE MO YICOHUKY.

[Ipu oTBeTe Ha BOIIPOC 8 pEKOMEHIYEM CIEAYIOMIUN MOPSIIOK:

a)  BblYepuMBaeM Tabmaumy 1

0)  BBIUEpPUMBAEM CTaJBHOW YyroJ JAWarpaMMbl KEJIe30-YIJIEpOJ M Ha OCHU
abcumcc HaxoIuUM COACpXKaHHWE yriepoJa B 3aJaHHOM COCTaBe (Hampumep,
3a’BTeKTOMAHAs cTanb, 1,6% C). M3 TOukM 3aJaHHOTO COCTaBa BOCCTAaHABJIMBAEM
NEPHEHANKYJIAP, MEPEeCceKAIoNUi JUHUKM IuarpaMmbl. Tak Kak g OTKHra Jr00ro
BHJIa 3aKayIku cTajib HarpeBaroT Ha (30...50) °C Beime quauu GSK, To A 3a7aHHON
CTaJli TeMIlepaTypa HarpeBa (a He TOYKa IPEBPAIEHUs [P OXJIaKICHUH) paBHa A +
(30...50) °C. 3anuceiBaeM 311 udpsi: 727 + (30...50) °C B rpadsl TaOIULIBL.

Jns wopmanuzanuu ctanu HarpeBaroT Ha (30...50) °C Beime nuauu GSE.
[ToaToMy TemriepaTypa HarpeBa JijIsl 3aIaHHON CTalu paBHa Acm COCTaBIII€T B JAHHOM
ciydae -960 °C, nostomy B Tabnuiry BrmcbiBaem 960 °C + (30...50) °C.

AHaJIOTUYHO MOCTYNAIOT, €CIIH, HAPUMEP, 33J]aH COCTAB JTOIBTCKTOUTHON CTaIIH,
conepxanuii 0,4% C

B)  Ha3Ha4YeHHE TepMOOOpPabOTKH HAXOJUM B y4eOHUKE Wi B MeTonnyeckux
yKa3aHUSIX IMMyHKT 3 ¥ BIIUCHIBAEM B Tpady TaOIHIIbI

r)  Bpems HarpeBa o0 Temneparypsl T.O. Beruucisgem no gaHHbIM yuyeOHUKA

ni Meroanueckux ykazanuii "I
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)  peXuM OXJaxAeHH (cpelia U MpUMepHas CKOPOCTh OXJIAKIEHUS) HAX0IUM
B yueOHUKE WK B MeTOANYECKUX yKa3aHUsX ' . U BIIMUCHIBAEM B TaOJIUILY

€)  T1ocje 3amojHeHUs TaONHIbl JIaeTCs OINHUCAHME METOoJla OIpeaeseHus
HarpeBa W pexuMa OXJIAKICHUS M TOJYYEHHBIX IOCJIE€ TEPMHUYECKON 00paboTKu
CTPYKTYP.

JeBsatThIil Bonpoc umeeT 10 BapuaHTOB, BKIIIOYEHHBIX B Ta0II. 4.a

[lo kaxaoMy W3 BapUaHTOB cCIEeAyeT pacliupoBaTbh MapKUA 3aJJaHHBIX
KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIbHBIX MaTE€pUAJIOB.

3areM NMpUBECTU MPUMEPHI IPUMEHEHHUS KaXKI0T0 MaTepHaia.

Hwuxe npuBoautcst oOpaser; orBeTa Ha BOpoc 9

ISXCHZI - HuU3KOJErMpoBaHHAs  CTPOUTEIbHAs  KAayeCTBEHHas  CTallb
[TpumensieTcss Aii CBApHBIX CTPOMUTENBbHBIX (DepM, KOHCTPYKLIHMI MOCTOB, OCEH, T,
KOPITyCOB amnmaparoB U cocyaoB. CToiikas Kk aTMoc(hepHoil Koppo3uu.

CUI5 - cepwiit uyryH, ¢eppuTHbIi ¢ rpaduTOM IIJIACTUHYATOH (OPMBL.
[IpuMensieTcs nig U3IeTUid HEOTBETCTBEHHOTO Ha3HAaueHUs! (KPBIIIKU JIFOKOB, IIKUBBI,
KOpITyca peAyKTOPOB, HACOCOB)

20 - MalIMHOCTPOUTENbHAS YIJIEPOAUCTAas KOHCTPYKIMOHHAs KadeCTBEHHas
ctanb, conepxkut 0,2% C, ynpouHseTcss B OBEPXHOCTHOM cioe. [Ipumensiercs s
U3rOTOBJICHUS LIEMEHTYEMbIX, HUTPOLIEMEHTYEMBIX, LHAaHUPYyEeMbIX netanieid. He
TpeOYIOIMX. BBICOKOW MPOYHOCTH CEPJALEBHHBI (OCH KapeTKu BEJOCHIENa,
CEJIbCKOXO03SIICTBEHHBIE MAIIIUHBI).

60C2X®DA - npykuHHas JETUPOBAHHASI BBICOKOKAYECTBEHHAS CTAJIb C BEICOKMMU
MEXaHUUYECKUMHU CBOMCTBaMH mociie TepMmuueckoit oopadotku. Conepxut 0,6% C, 2%
Kpemuus (C), npumepHo mo omHomy mporeHty xpoma (X) u BanHaaus (D). A -
BbICOKOKayecTBeHHasA. [Ipumensiercs st 0co00 OTBETCTBEHHBIX TOJCTBIX MPYXKHUH,
paboratomux npu Harpere mo0 200 - 500 C, tpebyer MOBEPXHOCTHOTO YIMPOUYHEHUS
00,TyBKO# IpOOBIO.

45X14HI14B2M - nerupoannas xkapomnpounas 10 650 °C. CtpykTypa aycTeHUTa
¢ kapouansiM ynpounenuem. Couepxut 0,45% C, 16% xpoma (X14), 14% nukens
(H14), 2% Bonbppama (B2) u 1% monmudnena (M). [Ipumensercs ajis u3roToBIICHUS

BBIITYCKHBIX KJIAllaHOB ()OPCHPOBAHHBIX JBUTATENIE BHYTPEHHEIO CropaHus, JIeTajei
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0c000 OTBETCTBEHHBIX TPYOOMPOBOIOB, KAPOMPOUYHBIX OOJTOB, JOMATOK U JIUCKOB
ra3oBbIX TypOuH, padoTaromux npu 650 °C.

I12X18H9T - nerupoBaHHasi, KOPPO3MOHHOCTOWKAs CTajlb ayCTEHUTHOU
ctpykrypsl. Copepxut' 0,12% C, 18% xpoma (XI8), 9% nukens (H9) u npumepno 1%
tutana (T). Ilpumensercs s  W3roToBleHUs  0OakoB, TpyO, Jeranew,
CONPOTHUBJISIOIINXCSA KOPPO3UH B MOPCKOW BOJE, JlaKaX, OPraHMYECKUX M a30THOU
KHUCJIOTax, B cialObIx mienoyax. Takke skaponpouna g0 600 °C. Xopomio cBapuBaeTcs
aproHOIYTOBOW CBapKOM.

3X2B8® - unctpymeHtanbHasg jgerupoBanHass. Coxepxut 0,3% C, 2% xpoma
(X2), 8% Bonbhapama (B8) u 1% Banagusa (P), temnocroiikas, IITaMIIOBAJ.
[TpumensieTcs: A U3rOTOBJIEHUS IITAMIIOB, (POPM JUIsl MAIlIMH JIUTHCA MO/ JaBJICHHUEM,
CTOMKass K 0Opa3oBaHUIO TOBEPXHOCTHBIX TpemuH. HeoOxoaumas TepmooOpaboTKa
coctouT B 3akajike ¢ 1050...1100 °C B macno + otmyck npu 550...650 °C.

TT7K12 - TBepaplii METANIOKEPAMUYECKUM HWHCTPYMEHTAJIbHBIA  CILJIaB.
Conepxut 81% xapouaa donsdpama (WC), 4% kapbuna tutana (T1 C) + 3% kapbuna
tantana (Ta C), 1.e. Bmecte 7% - (TT7), 12 % cBsizku - metaimudyeckuid kooansT K12.
[IpumeHsieTcss B KauecTBE PEXKYIIMX DJIEMEHTOB JJii YEPHOBOM OOTOYKU B TSXKEIBIX
YCIOBUSIX 1O KOPKE C pPaKOBMHAMU IMpPU HAIWYUM TMECKAa M HEMETATUTMYECKHUX
BKJIFOUECHUI. ;

CAIIl - amtoMuUHHEBBIH AePOPMHUPYEMBIA CIIaB - CHEYEHHBIM aTFOMUHUEBBIN
crutaB?. CoOepKUT aMOMHHHEBYIO OCHOBY M 6-9% okucu amomunus (A1203).
[Ipumensiercss B aBHACTPOEHUM [JIsi M3TOTOBJIEHHUS JIUCTOB, TPYTKOB, Hpoduie,
NOKOBOK U (osibru, padotatouux 10 500 °C.

AJI20 - amroMuHMEBbIM JUTEHHBbINA ciuiaB. COAEpKUT aTOMHUHUEBYIO OCHOBY,
nerupoBanuyto 4% menu (Cu), 1% marnus (Si), 1,5% xenesa (Fe) u mo 0,2% Mn, Cr,
Ti. CrmaB sxaponpodHbiid. M3 HEro M3roTOBISIOT TOJOBKU IHJIWHIPOB, TOPITHU M
JpyTHUE JIeTaau O0JIerYeHHBIX JABUTATENIe BHYTPEHHETO CTOPaHUs, HATPEBAIOIIUXCS 10
275 C, ¢ XOpOILIMMH JINTEUHBIMU CBOMCTBAMH U MOBBIILIEHHON T€PMETUYHOCTBIO.

JIK80-3 - nuteitnast nByxQasznas kpemHucrtas gatynb. Cogepxut 80%) menu, 3%
kpemuusa (K-3), ocranpHoe 1muHK (Zn). [lpumensercs ajis M3roTOBIEHUS KPYMHBIX

KOppOBHOHHOCTOﬁKHX 3aroToBOK, CYyJIOBbIX BUHTOB.
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BbpAMul10-2 - nureliHas amomMuHueBO-Mapranienas Oponza. Coxepxutr 10%
amomuaust (A-10) u 2% wmapranna (Mu-2), octanbHoe Menb. Ilpumensiercs nms
U3TOTOBJICHUS (DACOHHBIX JUTHIX JIE€TajJel METOJOM JIUThi B KOKWIb U B IE€CUAHbIE
(bopMBI.

NPM2 - TurtanoBwiii cruiaB. JlerupoBan 4% amomunus u 3% HHOOUS.
[Tpumensiercs 118 CBapOYHOM MPOBOJIOKH (DJEKTPOJIOB) ISl CBAPKH THUTAHOBBIX
CILIaBOB.

BKA - cBunnoBokanbnueBbiii 6a00ut Conepxut 98% ceunma (P), cogepxut 1%
Hatpus (Na).. [IpuMensieTcs s 3aMMBKH IIEHTPOOECIKHBIM CIIOCOOOM WJIH JIUTHEM TO/]T
JABJICHUEM B MPOYHBIA KOPIYC MOJUIMITHUKOB CKOJIBXKEHHUS B JKEJIE3HOIOPOKHBIX
BaroHax, KOJIEHYaThIX BaJlaXx TEIUIOBO3HBIX JBUTATENe. OTH OaOUTHI JelieBie
OJIOBSTHHBIX.

Kanpon-nonuamuy - [omsipuerit Tepmoruiact. Jlnanazon paboyux Temmneparyp ot
-30 1o +70 °C. OcHOBHOE MPUMEHEHUE - 111 TEXHUUYECKOI0 BHICOKOPOYHOTO BOJIOKHA,
aBTOMOOMJILHOTO KOp/ia, ITHYPOB, CTPOIl U TKaHel. BeIcTpo cTtapeer Ha cBeTy. TkaHb He
TUTPOCKONUYHA M HE TUTHUEHUYHA, pa3pylIaeTcs Jake B CIa0bIX KUCIOTaX W He
CKJICBAETCS. Jluteie  neranu U3  KampoHa  YJIapOIpPOYHBI (kopmyca
ANEKTPOMHCTPYMEHTA),  XOPOILIO  COMPOTHUBISAETCS  WU3HOCY, HUMEIOT,  MaJlbli
kodhunreHT Tpenus (MpuOOPHBIE MECTEPHH, MOIIIUITHUKA CKOJBXKEHUS 0€3 CMa3KH B
aBTOMOOMJIE, BEPETEHA, MO0IIBa OOYBH)

[TIpumep oTBera Ha Bompoc 10

— moxdepute Marepuan s BBICOKONPOYHOM apMaTypbl IS JKeNe300€TOHHOU

KOHCTPYKIIUH.

Jns Takoil apMaryphl Hy>KHa HU3KOJErMpOBaHHAs apMmaTypHas craib. BeiOupaem
6onee npounyto ctanb 35 ['C. Ona cogepxut 0,35 % C u npumepno no 1% mapranna
(I') u xpemnus (C).

Omna xopoI1o cBapuBaeTcsi, He TpedyeT TepMOOOPabOTKH.

— moadepute MaTepuan Jyuisi cBapHOro Oaka Juisi xpaHeHus: ropsiueit 20% cepHoi

KHUCJIOTHI.

Jlns Takoro 6aka HyKHa KOPPO3HMOHHOCTOMKas cTaib (Tabia. 6). Beroupaem mapky

06XH28MT. Omna conepxur 0,06% C, 1% xpoma (X), 28% nukens (H28), 1% Tturtana
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(T). Ouenp macTUyHasi, XOPOILIO CBAapHUBAETCSA, HE YIPOUHSAETCS 3aKAJIKOW - s
KOpITyCa HIapUKOBOU PYYKHU.
Jlis kopmyca pydku Mcnonb3yroT nonuctupod (ABC-mmactuk). M3rorosmsitor

AC€TaJId METOAOM JIUTHA 1104 JaBJICHUECM

3. 3ajaHus HA KOHTPOJIbHYI0 padoty Nel

[Ipexxne 4em MpUCTYNUTh K BBIMOJHEHUIO KOHTPOJBHON pabOThI, BHUMATEIHHO
npoututre Meroaudeckue ykazaHus. PaOoThl, BBINOJHEHHBIE HE B  IOJHOM

COOTBCTCTBUH C UX Tpe6OBaHI/I$IMI/I, HC 3aCUHUTBIBAIOTCA.

BOITPOC 1

Bapuanr 1
JlomeHHOE MpOU3BOACTBO. BrimutaBka uyryHa.
Bapuanr 2
[TpousBoacTBo cranu. KoHBepTOpHBIN ciocob nepesena yyryHa
Bapwuanr 3
[TpousBoacTBO cTamu. MapTeHOBCKHiT cIOCO0
Bapuanrt 4
[Ipon3BOACTBO cCTamyM B 3JEKTPOIEYAX, €ro NPEUMYIIECTBA W HEIOCTAaTKH IO
CPaBHEHUIO C MapPTEHOBCKUM U KOHBEPTOPHBIM CITOCOOAMU
Bapuanr 5
CriocoOb!I pa3IUBKU CTAIU U MOITYYEHHSI CIUTKOB
Bapuant 6
[Ipon3BOACTBO CTaNM U3 Pya
Bapuant 7
IIpon3BOACTBO aIIIOMUHHUS U3 PYI
Bapwuant 8
[Ipon3BOCTBO TUTAaHA U3 PY]

Bapuant 9
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CriocoObl OBBIIIIEHUS KAYe€CTBA CTAJU U CILIABOB.
Packucnenne cranu u o0pabOTKH CHHTETHYECKUMHU IIIJTAKAMH.
Bapuant 10

Crioco0n1 IMOATOTOBKHU PYJAbI AJIA IIJIABKW YYI'YHA U OIBCTHBIX CITIJIABOB

BOIIPOC 2

Bapuanr 1
Kpucramiueckoe crpoeHne MetamwioB. Kpucramamuyeckue pemerkd METallIoB.
PeanibHoe  cTpoenue metamios. [lonudpopmusm MeTamios.

Bapuanr 2
Kpucrannuueckoe ctpoeHne metaiioB. PeanbHoe ctpoenue MetamuioB. CTpyKTypHBIE
HECOBEPIICHCTBA KPUCTATNYECKOM pemieTku. [lonmdopmusm meTaios.

Bapuanr 3
Ctpoenue BemiecTB. AMOp(HbIC U KPUCTALTNYECKUE Tena. AHU30TPONUS U U30TPOIIHUSL.
[TomudopmMusm MeTaios.

Bapuanrt 4
Kpucrannuzanus METaJIJIOB. Temmneparypa KpUCTAITU3AIUU. Crenenn
NEePEOXIIAXKICHUS.
CBoOopanas sHeprus. [lonudopmuszm MeTanios.

Bapmuanr 5
Kpucrammmzanuss MmeramioB. KpuBble oxnaxkaeHus npu Kpucramidzanuu. CKoOpocTh
pocta kpucrtamios. [lonupopmusm meTamnos.

Bapuanr 6
Kpucrammmzanust MeTamioB. AJUIOTPOIUS METAJIJIIOB U JKeJe3a.

Bapuant 7
Metonbl UCCIeI0BaHUs CTPOEHUSI METAJUIOB: MUKPO- U MakKpOaHalIu3. PEHTreHOBCKUM
ananu3. [lonudopmusm Meramion

Bapwuant 8
[Tnactuueckass nedopmamusi MeTalyioB. Ymopyras M IulacThuueckas aedopmarius.

[Momudopmusm mMeTamioB
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Bapuant 9

[Tnactuyeckas nedopmarnmst metamioB. SIBnenue Hakinena. [lonmudopmusm mMeTanos.
Bapuant 10

Kpucraimmsanusa meTtamioB. 3aBUCUMOCTb CKOPOCTH POCTa KPUCTAJIOB OT CTEIECHH

nepeoxnaxaenus. [lomudpopmusm meTamos.

BOITPOC 3
Bapuanr 1
HcnbiTanuss MeTamwioB Ha pactsbkeHue. Jumarpamma pactsokenus.  OnipenenieHue
Ipeaena NpOYHOCTH.
Bapuanr 2
HcnbiTanust METAIIIOB Ha TBEPIOCTh. OMpeiesieHrue TBEPAOCTH 10 bpuHesito
Bapuant 3
HcnbiTanne Ha pacTsbkeHue. [uarpamma pactsbkenus. OnpeneneHue mpenesia
TEKYy4YECTH
Bapuanr 4
HcnblTanne MaTepuanoB Ha TBEpAOCTh. OnpeaeneHue TBepaocTu no Poksety.
Bapmuanr 5
HcnbiTanne maTtepuanoB Ha pacTsbkeHue. Juarpamma pactsokeHus. OmnpenencHue
npezaena NpOYHOCTH
Bapuant 6
HcnplTanne MaTepuanoB Ha TBEpAOCTh. OnpeneneHue TBepaoCcTH o Bukkepey
Bapuant 7
HcnpiTanne MaTepralioB Ha yAAPHYIO BA3KOCTh
Bapuant 8
HcnbiTanust MaTepuaaoB Ha TBEPAOCTh. OrnpeneneHne MUKPOTBEPAOCTH 00pa3IioB.
BapuanT 9
HcnblTaHne MaTepuanoB Ha ycTaIoCTh. OnpeneneHne npeena yCTaaoCTH.
Bapuant 10
HcnblTanne maTepuanioB Ha pacTsbkeHue. Juarpamma pactspkeHus. OnpenerneHue

OTHOCHUTCIIbHOI'O YAJIMHCHUA
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BOITPOC 4
Bapuanr 1
OcHoBbI TEpMO0OPabOTKH cTanu. [IpeBpalieHus B cTanu npu HarpeBe
Bapuant 2
OcHoBBI TepMO0OOpaboTKH cTanu. [IpeBpaiieHus cTamu npu OXJIaXKICHUU
Bapuanr 3
OcHoBBl TepMOOOpabOTKM cTanu. IlpeBpaleHuss aycTeHUTa MpPU HENPaBUIBLHOM
OXJIQKJCHUH C
Pa3HBIMH CKOPOCTSMHU
Bapuanrt 4
OcHoBbl TepMoOOpaboTku ctanu. IIpeBpaiieHuss mMapTeHCUTa NpU HarpeBe (OTIYCK
CTaJIn)
Bapmuanr 5
Texnonorus TepmooOpadboTku ctanu. OTKUT CTaIu
Bapuant 6
TexHnonorust TepMoo6padoTKu ctanu. OTKUT CTaln
Bapuanr 7
Tepmomexanndeckas 00padoTka ctanu. [[edexTsl 3aKamku cTamu
Bapuanr 8
IToBepxHOCTHAs 3aKajKa CTaau
Bapuant 9
XuUMHKO-TepMuYecKkast 00padoTka ctanu. Llemenranus cranu
Bapuant 10

XUMHKO-TepMUYECKast 00padOTKa CTalu

BOIIPOC 5
Bapuanr 1
TexHuyeckuil TUTaH U ero criaBel. Tadm. 13
Bapwuanr 2

AIOMUHHEBEIC CILIaBbI, UX MApKUPOBKA, IPUMCHCHHUC
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Bapuanr 3
Mennsie CriiaBbl, UX MApKUPOBKA, IPUMEHEHUE

Bapuanr 4
KOHCTpYKIIMOHHBIE YTIEPOAUCTHIE W JETMPOBAHHBIE CTaJM OOIIEr0 Ha3HAYCHHS, MX
COCTaB, - MAPKUPOBKA, IPUMEHEHHE

Bapuant 5
NHCTpyMEHTANIBHBIE CTaIW U TBEPABIE CIUIABBI JJISI PEKyIlIero nHcrpyMenTa. Cocras,
MAapKUPOBKA, IPUMEHCHUE

Bapuant 6
NHCTpyMEHTANIBHBIE CTAIM W TBEPJAbIE CIUIABBI 11 WU3MEPUTEIIBHOTO WHCTPYMEHTA,
HITAaMIIOBBIE CTaju U cIiaBbl. CocTaB, MAapKUPOBKA, IPUMEHEHHUE

Bapuanr 7
AHTU(DPUKITMOHHBIE MaTepHalibl. MarHuTHBIE CcTaidu U cruiaBbl. CocTaB, MapKUPOBKA,
IIPUMEHEHHUE.

Bapuant 8
JKapocTolkoCcTh U KaponpodHOCTh. JKapOCTOMKHE U KAPONPOYHBIE CTajld U CILIABBI.
CocraB, MapKHpOBKa, IPUMEHEHHUE.

Bapuant 9
Koppo3ust craneir. KoppO3mOHHO-CTOWMKHE HEpXKaBeOIIKWE CcTaind. Jlerupyronme
AJIEMEHTHI U MAPKUPOBKA CTaIH.

Bapuant 10

qyr‘yHBI, X COCTaB, MApKHUPOBKA, IPUMCHCHHC

BOITIPOC 6
Bapuanr 1
[limactuueckue maccel. @opma MOJIEKYJ HOJIMMEPOB
Bapuanr 2
[Inactnueckue wmaccbl. HMX  arperatHble  COCTOSIHUA. TepMOIUIACTUYHOCTH U
TEPMOPEAKTUBHOCTb.
Bapuant 3 '

[InacTrnyeckue Macchl. TCpMOMexaHI/I‘IeCKI/Ie KPUBLIC IJIsI TCPMOAKTUBHBIX IMOJUMCPOB.
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Bapuanr 4

[InacTrueckue maccsl. JleCTpyKIus U CTApEHUE TOJIUMEPOB
Bapuant 5

[Inactrueckue maccol. ClIOMCTBIE apMUPOBAHHBIE TEPMOPEAKTUBHBIE TIJIACTUKHU
Bapuant 6

[Tnactuaeckue maccel. KoMo3uimoHHble MaTepUalIbl Ha MOJMMEPHON OCHOBE
Bapwuant 7

TepMomiacTUUHbBIE HETIOJSIPHBIE MJIACTMACCHI, MOJIUATHIIEH, TOJTUCTUPOII, PTOPIIOH-4
Bapuant 8

TepmomnnacTU4YHBIE MOJIAPHBIE IIIIACTMACCHIL: IOJTUBUHWIXIJIOPHL, TOJTUAMUIBI
Bapuant 9

[TonuMmepHBIE K€U U CKIIEUBAaHHE
BapuanT 10

Pe3nHoOBBIE MaTCpHUalibl

BOITPOC 7

HaueptuTe nuarpammy COCTOSIHUS CIUIABOB Xkeje3a ¢ yriepojaoM. [lokaxute Ha
HEW CTPYKTYpHI MO BCEM €€ 30HaM, a Tak)Ke XapaKTepHbIC JIMHUM (JINKBUIYC, COTUIYC,
A], A3, Acr)

CnpaBa oOT JuarpaMMbl TIOCTPOWTE CXEMATHUYECKYI0 KPUBYIO MEIJIEHHOTO
oxyaxaeHus ot 1600 no 600 °C cmiaBa ¢ 3aJaHHBIM COJIEP:KaHUEM YTIIEpOa.

OnuirTte NpeBpalleHus], MPOUCXOASAIINE B 3aIaHHOM CIUIaBE, U OXapaKTepu3yinTe
CKOPOCTH €ro OXJIAKJICHHS Ha KaKJIOM y4acTKe KPUBOM.

JlaiiTe ornpezenieHre Bce 00pa3yroMIMMCS IO X0y OXJaXKICHUS CTPYKTYpPaM.

CocraBbl 3aJJaHHBIX CIJIaBOB YKa3aHbl B Ta0JIHIlE 2a coriacHo Bamemy BapuaHTy
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Bananue kK Bonnocv 7 Tadbauna 2a

Ne BapuanTa Conepxanue Ne BapuaHTa Conepxanue
yriaepoja yriaepoja
1 6,5 6 2,5
2 5,5 7 1,7
3 4,3 8 1,2
4 3,5 9 0,8
5 3,0 10 0,5
BOITPOC 8

VYKaxnuTe Ha3HAuYCHUE, OINPEACIUTE TEMIIEpATypbl HArpeBa, BpEMs MPOrpeBa,

CKOPOCTDb OXJIAXKACHHA 1 OXJIAKIA0INC CPECAbI IJIA:

a)  OTXKHra

0)  HOpManM3aIUu

B)3aKaJIKU

r) OTITyCKa JETaNM U3 YIIepOJUCTON CTallM, YKa3aHHOW B TaOiHile 3a COrIacHO

Bamemy BapuaHTy 3a1aHus

3ananug k sonnocv & Tabnuma 3a

[° BapuanTa [Mapka yriaepoJaucTon cTanu TonmuHa geraim B MM
1 V13 20
2 Vi1l 60
3 Y10 40
4 Y9 20
3) Y38 60
6 Y7 40
I 60 20
8 50 60
9 45 40
10 35 20

BOIIPOC 9

Pacmudpyiite Mapku ¥ yKaXKuTe Ha3HAYEHUE KOHCTPYKUMOHHBIX MaTEpHAaJIOB,

NpUBEEHHBIX B Tabnwuie 4a, cornmacHo Bamemy BapuaHTy 3agaHust
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BOIIPOC 10

HO,ZI6CpI/ITC MapKu CINIAaBOB U MaTCpHaJIOB IJI U3IOTOBJICHUA CICAYIOIINX I[GT&J'IGfI

MalliH U MHCTPYMCHTOB.

Bapmuanr 1

J1J1st U3TOTOBJICHUS BBITSHKKOM paluaTOPHBIX TPYOOK.
JIJist Xupypruueckoro HHCTPyMEHTA.

JUist  W3roTOBIEHUS  OOJIETYCHHBIX  METAUTMYECKHUX
OOIIIECTBEHHBIX 3/1aHUM

[Ipecc-popMbl AJI TUThS IO JABJIECHUEM.

J171s1 KPBIIIKKA BOJIOITPOBOJIHOTO JIFOKA.

Jliist cranbHOM (hepMBbl MOCTA C MPUMEHEHHEM CBapKH.

OKOHHBIX

pam

n

JBEpEn

I[J'IH W3TOTOBJICHUS IITAMIIOBKOM BKJ'IaI[BIH_Ieﬁ INOAJIIUITHWUKOB ABUTI'aTCIIsA aBTOMOOMIIS

3W1JI-130. {ns 3amuero GoHapsi 1€TKOBOTO aBTOMOOWIISL.

Bapuanr 2

JIist Kmamasa BEHTHIISI, pa0O0TAaOIIEeTo B CTOYHBIX BOJAX.
Jlnst qUcKa v TIONMaTOK aBHAIMOHHBIX Ta30BbIX TYPOHH.
Jist me3Bust 6€30macHOM OPUTBBI.

Jlns pe3anus ctanei ¢ TBepaoctbio 10 45 HCR.

JIns1 yacoBOM NPy KUHBI.

J171s1 BBICOKOMIPOYHOM apMaTyphl 715 ’KEeJIe300€TOHHON KOHCTPYKIIUH.

JUJ1st 3aTMBKA BKJIQIBIICH TOIITUITHUKOB CKOJIBKEHUS (7151 3aMEHBI OPOH3HI).

I[JIH IMPOKJIaAAKH, CTOMKOM BO BCEX AaI'pCCCUBHLBIX CPCaax.
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Bapuanr 3

J171s1 KOpIyCOB HAPYYHBIX 4aCOB, U3rOTOBJISIEMBIX HA METAJUIOPEKYIIUX ABTOMATaX.
JIns u3nenuii toManiHero oouxoja ¢ KiaeiMoM "HepkaBeroras'.

J11s1 TOH)KEpOHOB Kpblila CaMOJIETa.

JIJ1s1 HAaMJIIbHUKOB.

s xopryca peaykropa audra.
JIns1 pplyara cenbCKOXO03SIMICTBEHHOW MalllMHbI, U3TOTOBJIEHHOTO XOJOAHOW IITAMIIOBKOHM.
Pexxymmii s1aeMeHT s 4epHOBOM OOTOYKM B TSDKENBIX YCIOBUSIX IO KOpPKE C
PAKOBHHAMH IIPU HAJIMYUU N1ECKA U METANINYECKUX BKIIIOUECHUH.

Konenuartsiii Ban ABUTaTCIIA JICTKOBOI'O aBTOMOOMJISL.

Bapuanr 4

J171s1 3arOTOBKH IIECTEPHHU JIJI MOLITHOTO KpaHa, pa00TaroIIel mpu BEICOKUX CKOPOCTSIX,
Harpy3Kax U Harpese.

J171s1 BBITTYCKHOT'O KJlallaHa aBTOMOOMIIBHOTO JIBUTATES.

OO6ier4eHHBIN Ky30B BaroHa MeTpo.

JIs1 mianiex u cBepil ¢ KpacHOCTOMKOCThIO 110 280 °C.

J1J1st peccopbl JIETKOBOI'O aBTOMOOMJIS.

J7ist IeMeHTyeMOM IIecTepHU KOPOOKH mepeiad aBTOMOOKIIS.

Pexymuii siaeMeHT i 4epHOBOM M YHCTOBOW 00pabOTKH TpyJaHOOOpadaThIBaEMbIX
CIUIaBOB (KApPOMPOYHBIX U TUTAHOBBIX).

J71st OONUIIOBKY U TPYOOIPOBOIOB ralbBAHUYECKUX BaHH

Bapuant S

Jiist mapoBoil apMatypbl JaBiaeHUEM 10 25 aTMocdep.
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Jlns nucka KpyImHOM MeInaliku, padorarorieit B cpee hochopHoro yaoOpeHus.
AJIFOMMHUEBBIN CILIAB JJIsl TOPIIHS, Harpepatouierocs g0 250-350 °C.

JIJIst IIMHHBIX ¥ TOHKUX METYHKOB.

JIJ1st Ipy>KMHBI aMOPTH3aTOPa KEJIC3HOIOPOKHOTO BaroHa.

[IlaTyH aBTOMOOHJIBHOTO JBUTATEIIS.

JIJ1s 3a7TUBKH OTBETCTBEHHBIX MTOITUITHUKOB CKOJIBXCHHS B 3CKAJIATOPE METPO.

CaoucTteii MaTepuaI AJd MEYaTHBIX IJIaT, HCCOOTBCTCTBCHHBIX 3JICKTPOHHLBIX HpI/I60p0B.

Bapuanr 6

J1J1st KOppO3MOHHOCTOHKOTO IPeOHOTO BUHTA.

Jlist TpyO mapomneperpeBaTenieil U apMaTyphbl IapOBbIX KOTIIOB.

OTnuBKa U151 JIETKOM KOHCTPYKIUH.

J1J1st MpOIIMBKY B MPOU3BOJCTBE TPYO, padoTaromiux mpu 700 °C.

J71st 0c000 OTBETCTBEHHBIX MPYKUH, paboTatomux npu Harpese 10 200 °C.

JUst ympOYHSIEMOT'0 a30TUPOBAHUEM IIMHUHENSA OBICTPOXOAHOTO CTAHKA.
TBepaocmiaBHbI MHCTPYMEHT JJIi ILITAMIIOBKH, BBICAJKH, OOpPE3KH YTJIEPOIUCTBIX
CTaJiel Ipu

YAApHBIX Harpy3Kax OOJbIIONH HUHTEHCUBHOCTH.

DNaCTUYHBIN M TIACTHYHBIN MaTcpuall JJIsI HAHCCCHUS U30JIIIUH Ha DJICKTPOIIPOBO/I.

Bapuanrt 7

J{1s1 U3roTOBJIEHUS MOHET.
J17151 BBICOKOITPOYHBIX KOPPO3UOHHOCTOMKHUX KOPITYCOB PAKET.
Jlnst erkoit neranu (pyJieBOro pbluara karepa), padoTtaronieit Bo BlaxxHOU aTMocdepe.
Jlns cBepra ¢ KpacHOCTOMKOCTBIO 10 650 °C.
J11s1 HeOOIBIION TIPY>KUHBI 7151 IETCKOW MTPYIIIKH.

Jjist cBapHOM pambl IaCCH B aBTOMOOUJIE.
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Pexxymmii snemeHT Ha cBepiie, pa3BepTke, dhpese, st 00paboTKU CTalu, YyryHa U
TPYJAHOOOpabaThIBAEMBIX CIIABOB
JIisi TIOAIIWITHUKA CKOJIBKEHUs, paboTaromero 0e3 CMa3Kd B CHCTEME PYJIEBOTO

YIIpaBJICHUA. aBTOMOOHMJIS

Bapuanr 8

JInsi BBICOKOIIPOYHOW KOPPO3HOHHOCTOMKOM M TOKOBEAYIIEW IPYKUHBI aBUAIIMOHHBIX

npubopos. s sxaponpounoro no 650 °C Gounra.

Jliist kapTepa BOAOOXJIAXKIAEMOT0 JIETKOTO (CIOPTUBHOTO) JIBUTATEIS.

JI71s1 KpyITHOTO MOJIOTOBOT'O LITaMIIA.

J11st 3aiHETO MOCTa aBTOMOOMIISL.

JI71s1 pacpeieIuTeNIbHOTO Bajla aBTOMOOMIIS C 3aKajKoM ieek U KyinaukoB TBY.

JUIsl 3aIMBKHA KOPEHHBIX MOALIUITHUKOB CKOJIBKEHHSI KOJIEHBaJIa (KOJIEHYATOrO Bajia) s
ABTOTPAKTOPHOI'O IBUTATEIIA.

J111s1 ocHOBBI evyaTHOM miaTel IBM.

Bapuanr 9

Jist raiikd 3aKUMHOTO BHHTA, PaOOTAIOMIEro B TKENBIX YyciaoBusix s jomarok
napoBOM TypOUHBI.

JIns M3rOTOBJIEHUS JIMTHEM I10J] JaBJICHHEM KapOropartopa aBTomMoOwmis s KpymHOTO
OTBETCTBEHHOTO BBIpyOHOTO 1mTammna JIjs madora KOBOYHOTO Mpecca.

JI1st KpbIllid Ky30Ba JIETKOBOTO aBTOMOOWJISL, U3TOTOBJIEHHON XOJIOJHOM IITAMIOBKOW C
TJIyOOKOM.

BriTskkoi.

JIns 3aMBKYM MO JABJIICHUEM MOIIAITHUKOB CKOJIBKEHUS B KEJIE3HOAOPOKHBIX BarOHax

Jl71s J1IeTKOM, MPOYHOM U )KECTKOW aHTEHHBI KOCMUYECKOW TEXHUKH.
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Bapuanr 10

[IpoBomnoka 115t ra30BOM MMAMKU METAJIJIOB.

Jlns cBapHoro nucrta 6aka (0e3 TepMooOpabOTKH), yCTOMYMBOTO B arpeCCUBHBIX Cpefiax,
[TumeBbIx.

npoAyKTax u gomyckatomiero Harpes 10 500-600 C st cTaHUHBI HACTOJIBHOM IIBEUHOM
MalTuHbI

J1J1si HAaKOHEYHHKa THEBMO3YOuIIa.

UyryH 1151 TOPUTHEBBIX KOJIEIl aBTOMOOUJIbHBIX JBUTATENCH.

J171s1 U3roTOBJIEHUS Ha TOKAPHOM aBTOMATE KPEMEKHBIX 3JIEMEHTOB (BUHTOB).

Pexxymmii sneMeHT Ha pe3el] A1 YUCTOBOM 00padOTKU OTOENIEHHOTO YyTyHa, 3aKaJIeHHOM
cTaiu,

CTEKJIa, BRI3BIBAIONIUX a0pa3uBHBINA U3HOC MHCTPYMEHTA.

JIns  W3rOTOBJEHUS METOAOM KOHTAaKTHOTO (OpMOBaHUSI KOpIyca CHOPTUBHOTO

ABTOMOOMJIA.

IEPEYEHB JIABOPATOPHBIX 3AHATUM

JladbopaTopHnasi padora Nel

Tema :«UcnbiTanue HA TBEPAOCTHL 0 bpuHeIr0

Hean padoTsl

OO0yuenue :
— 3y4YEHHE CXEMBbI UCIIBITAHUSI METAJUIOB (CIUIAaBOB) HA TBEPAOCTH IO bpuHemio ;
— HW3YYEHHUE YCTPOWCTBA ABTOMATHUYECKOTO PHIYAXKHOTO MPECCa;
— 03HAKOMJICHUE C METOJUKOU OIpeIeeHUsI TBEPIOCTU METAILIOB (CILJIAaBOB) IO

bpunenmro.

BocnurarensHag :
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— BOCIIMTAHHC Y CTYACHTOB 3HAYNMOCTHU HpO(l)GCCI/IOHa.HBHBIX IMPaKTHYCCKHUX

HaBBIKOB ;
— BOCIIUTAHHUE MOJIOKUTEIBLHOTO K IIPOIIECCY MPUOOPETEHUS 3HAHUH
— BOCHUTAHUE JUCHUIIMHUPOBAHHOCTH .

Pa3Butue :

— yMeHHe y4eOHOro Tpy/ia

3aganue

1.M3yunTh cXeMy UCHBITAHHS METANIOB (CIUIABOB) Ha TBEPAOCTh 11O
bpunemto.

2./3y4uTh yCTPOMCTBO aBTOMAaTHUUECKOTO PHIUAKHOIO Mpecca.

3.MByunTh METOAMKY OMNpEeNeieHHs] TBEPAOCTH METauioB (CIUIAaBOB) IIO
bpunenmro.

4.CocTaBUTH OTYET.
MarepuajibHOe o0ecnieyeHue
1 ABTOMaTHueCKuil peraakHbii ipecc tuna bpunenns TII-2
2 OOpa3s1ibl 11 UCTIBITAHUS .
3 Jlyna st u3MepeHust [uaMeTpa oTrevaTka .

4 HanunbHUK ,IUTM(OBATBHBINA CTAHOK , HUTHU(OBaAIbHAS Oymara.

Kparkue Teopernyeckue cBeeHUs

CxeMa MCNIBITAHNMS U BeJIMYMHA TBepA0CcTH 0 bpuHesiio
HcnpiTanne Ha TBEPAOCTh MO bpUHENII0 NPOU3BOAUTCA BIABIMBAHUEM B
UCTIBITYEMbIN 00pasel] CTAIbHOTO 3aKaJlEHHOTO IIapuKa OMPEEICHHOTO AramMeTpa

I10 HCﬁCTBHGM SaﬂaHHOﬁ HArpy3kKu B TCUCHUN HCKOTOPOT'O BPCMCHU.

Cxema ucHbITaHUs JaHa Ha PUCYHKeE | .
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Pucynok 1 Cxema ucrnbITaHusl Ha TBEPAOCTH 1O criocody bpuners

B pesynbrare BaaBinuMBaHUS IIApUKa HAa MOBEPXHOCTH 00pa3lia MOIydaeTcs

orreyaTok (JryHka) . Yucsao TBepaocTH o bpunesto , 0003HauaemMoe
P 2
HBZE Mrma , kr / MM~ /

I'ne P —narpy3ka, H;

F — miomaap oTneyaTka , MM2

[Inomane F mapoBoro cermenra
F=IID-h,

['ne D — nuameTp BAABIMBAEMOTO IAPUKA , MM ;

h — rmyOuHa oTreyarka ,MMm .

Tak xak TyOMHYy oTmedatka h U3MEpHUTh TPYIHO ,a TOPA30 MPOIIE U3MEPHUTH
nuameTp otnevarka d , To nenecoodpasHo h Bbpa3uTh depe3 nuamerp mapuka D u

orneyarka d :

h=(D- V(D?—d?) /2

Torga F=IID - (D - V(D?—d?) /2 , a uucio TBeprocty 1o bpuxemo Gyer

xXapakTepusnupoBarbcs opmytoii HB= 2P/IID(D- vV(D?—d?) .

33



6.2 Beibop nuamerpa mapuka u Harpyska .

[Tapuku pazauynoro auamerpa (D= 10;5 u 2.5 MM) OpUMEHAIOT B
3aBUCHMOCTH OT TOJIIMHBI UCIBITYeMOro Matepuana ( 5, c. 50)

Harpy3ky P BbIOMpatOT B 3aBUCHMOCTH OT KayeCTBa UCHBITYEMOTO MaTepuasa
1o ¢opmyIe :

P=K-D?,

I'me P -mnarpyska, H;
D - nuamertp mapuka , MM ;
K- nocrosiHHas 17151 JTaHHOTO MaTepualna BenuduHa ,pasHas 300;100

Hanpumep npu TonmuHe ucneityeMoro oopasna 10 MM U3 yepHoro merauia

K=100, nuameTtp mapuka D= 10 MM ,Harpyska

P=100 -D?= 100 -10?= 10 000 H.

IIpubop nust uCcnbITAHUSA HA TBEPAOCTH 0 BpuHesLI0

HaunbGonee pacmpocTpaHeHHBIM TPUOOPOM ISl UCIIBITAHHUSI HA TBEPAOCTH IO
Bpunento sBiseTcss aBTOMaTUUeCKUM PhIUaKHBIN Tpece (PUCYHOK 2).

B 3aBucumoctu OT Irpy30B , YCTAHOBJICHHBIX Ha IIOABECKE ,CO3aCTCA

pasznuuHas Harpy3ka ( 5, c. 50) .

Pucynok 2 - Cxema aBTOMaTHYECKOI0 PhIUYAKHOTO Mpecca JJis ONpeaeseHus
TBEPAOCTH :
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l-crannHa ; 2-3KCHEHTPHK ; 3-BUHT ; 4-CTOJHUK ; S5-HCHBITYeMbId oOpaser ; 6-
HAKOHEYHUK C I[IAPUKOM ; 7-IINUHIAENIb ; S8-TipykuHa ;9-matyH ; 10-peryar ; 11-
noasecka ; 12-rpy3bl ; 13-anekTponsuratens ; 14- ykazarenb (KOHTPOJIbHAS

JaMIiouka) ; 15-pykosTka .

IMoaroroBka nmpecca 1 NMpoBE€JICHHUE HCNBITAHUM

1. YcranoBuTh Ha noaBecky 14 rpyssl 15, COOTBETCTBYIOIINE BRIOPAHHOM 15
VCTIBITAHUN HATPY3KE .

2. HakoHeYHUK C MIapuKaMyi BCTAaBUTh B IIMUHJETL 2 U YKPETUTb .

3. Ha cromuk 4 mocTaBUTh UCTIBITYEeMBIN 00paser] 5. OOpasell T0KeH TUIOTHO
Jexarb Ha ctoiuke . LleHTp oTmeuyaTka AOMKEH HAaXOMUThCS OT Kpas oOpaslia Ha
PacCTOSIHUM HE MEHEE TUAMETPa [apUKa .

4, BpaimjaeM MaxoBHUK MOJbeMa IIMUHAEISA 7 MO YaCOBOM CTPEJIKE MOJIHUMEM
CTOJIMK 4 U mprKuMaeM odpasel] 5 K mapuky 3 ,poJIoJbKaeM Bpaliarh MaxoBUK 10
ynopa .

5. HaxxrmaeM KHONIKH IMyCKa BKJIIOYAEM 3JIEKTPOIBUTATEIb .

6. Korma peryar ¢ rpyzamMu JOCTHTA€T HCXOJHOTO TIOJIOXKEHUS , OMYCTUTh

CTOJUK 4 ¥ CHATH C HETO O6p83€].[ S5¢ IMOJIYYCHHBIM OTIICYATKOM .

MeTtoauka U3MEPEHNA OTHnedYaTKa M OIpeaecicHue TBEPAOCTH 110

bpuHnesuio

N3Mepenus oTmedarka OCYIIECTBIISIETCS € MOMOIIBIO JIYNbI , Ha OKYJISP
KOTOPOU HaHECEHa W3MEepUTENbHAs MIKana ¢ ToUHOCThio A0 0.05 MM (5,¢.52...53).

Bennunna tBepmoctu mo bpunemnmo HB omnpenensiercs Ha TpakTHUKE €
ucroyib3oBaHueM Tadymibl (5,¢.172) . Tak , Hanpumep , Ipu AMaMeTpe oTnevarka d=
4.00 mm ,Harpyske P= 300 D? rne D — quameTp 1mapuka ,MM, TBepaocts HB=2290
H.
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IHopsiaok BhINOIHEHNSI PadOThI

1 M3yuuth cxemMy UCHObITAHUS METAJIOB (CIUIAaBOB) HA TBEPAOCTh IO

bpunemo,pacaeTHbpie POPMYIIBI .

2 O3HaKOMHUTCS C MPUOOPOM JIJIsl UCTIBITAHUS Ha TBEPIOCTh N0 bpunesto .

3 Mpou3BECTH MOJATOTOBKY 00pasia .

4 TIpousBecTH MOATOTOBKY MPUOOpaA /JIsl UCTIBITAaHUS HA TBEPIOCTH K padoTe .

5 IIpoBecTH UCHBITaHUA , ONPEAEIUTHh TBEPIOCTh OOpa3La .

6 HonyquHHe JaHHBIC 3aHCCTU B IIPOTOKOJI HCIIbITAHUMN .

Ne | Marepuan; | Yemous | lmamerp omneuarka | TBepaocts HB
TonmuHa | UCHBITAHUSA | ,MM
oOpa3ua,MM | (AMaMeTp | oTIeYaToK OTIIEYaTOK cpenHee
mapuka 1. | 2- | 3- | 10 | 2-H | 3-#
,MM)
1|2 3 4 5 6 7 8 9 10

Bonpocsl 1151 camonpoBepKu

1 Yto Takoe TBEpIOCTH ?

2 KakuMu crocOOHOCTSIMU OTIpEIesieTCs TBEPAOCTD ?

3 Kak npoBoJIUTCS UCHIBITAHUE HA TBEPJIOCTH 110 bpunento?

4 Ot 4yero 3aBHCHUT AUaAMCTpP IMapuKa U BCIWYHNHA HATI'PY3KH IIPHU UCIIBITAHUH

MeTojioM bpunes ?
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PexomMenayemasi iureparypa

1 Anackun A.M ,3yeB B.M. MarepuanoBeieHlE U TEXHOJOT U MaTEPUAJIOB .-
M. «DOPYM-MHDOPA-M»,2015.

2 OsuunaukoB B.B. Metamnoenenbe —M.:1J[ « DOPYM — NUHDOPA-M» ,
2015.

3 JlaxTun IO.M |, JleontheBa B.II. MarepuanoBenenre. — M.:
Mammunoctpoenue, 1990.

4  Kysemun B.A. wu.jap. TexHonmoruss MeTaJUIOB M KOHCTPYKLUMOHHBIE
Marepuaibl —M.: MammHocTpoenue ,1981.

5 Camoxouxkut AWM ,Kynseckuit M.H. JlaGoparopusie paboThl 10

METAJVIOBEJICHBI0O M TEpMUYECKHME 00paboTKH MeTaioB .-M.:MamuHocTpoeHue,

1981.

JlabopaTtopHas paGora Ne2 «McnbiTanne Ha TBEPAOCTH M0 PokBesiy»
eab padoThl
OOGyuenue :

— H3y4YEHHE CXEMbl HCIBITAHUS METAJUIOB (CIIJIABOB) Ha TBEPAOCTh N0 PokBemty;
— O3HaKOMJIEHHE C yCTporcTBOM npubopa tuna Poksemna TK-2
— O3HaKOMJIEHHE C METOJMKOMN ONPEAEICHUS TBEPAOCTH METAIIOB (CIUIABOB) 110
Poxgemny .
BocnurarenbHas :

— BOCIIUTAHHUE Y CTYJEHTOB 3HAYMMOCTH MPO(GECCUOHAIBHBIX TPAKTHUECCKUX
HaBbIKOB ;
— BOCHHTAaHHE MOJOKUTEIHLHOTO K MPOIIECCY MPUOOPETCHUS 3HAHUM |
— BOCIHUTaHUE JUCUUTUIMHUPOBAHHOCTH .
Pa3Butue :

— YMEHHE y4eOHOro Tpya

3aganue

1. U3yunTh cXeMy UCIBITAHHS METAJIJIOB (CILIABOB) HA TBEPAOCTb 110
Poxsenny.

2. O3HaKOMUTKCS € ycTpoiicTBoM mpubdopa TK-2.
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3. I3yunTh METOAUKY ONIPEACIICHUS TBEPIOCTH METAJIIOB (CIUIABOB) T10
Poxsemnny.

4 .CocTaBUTH OTYET.

MarepuajbHoe odecnieueHue
1 ABTOMaTHueckuil peraakubiit mpecc tuna bpunenns TII-2
2 OOpa3siibl 411 HICIIBITAaHUSA .
3 Jlyna jyist u3MepeHust [uaMeTpa oTreyaTka .

4 HanunbHUK ,1IUTM(OBATBHBINA CTAHOK , HUTU(OBaNIbHAS Oymara.

KpaTtkue TeopeTnueckue cBeaeHus

TBepmocTei0 HaA3bIBa€TCA CBOWCTBO IOBEPXHOCTHOTO CJIOS Marepuaia
COTIPOTHUBJIATLCA ACHOPMHUPOBAHUIO WU PA3PYHICHUIO MPU MECTHOM KOHTAKTHOM
BO3ZCHCTBHM CO CTOPOHBI Ooyieeé TBEPAOrO, HE TMOJYYAIOIIEr0 OCTATOYHOU
nedopmanuu Tena (MHASHTOpa) onpeaesieHHON (OpMBI U pa3MEPOB.

JIJIss MHOTHX CIIAaBOB YCTaHOBJICHA YETKAasl 3aBUCHMOCTb MEXIY TBEPIOCTHIO,
MEXaHUYECKUMU ,IKCILTyaTallHOHHBIMUA U TEXHOJOTUYECKHUMH XapaKTCPUCTUKAMHU .
[ToaToMy m3MepeHue TBEPAOCTU SIBIACTCS HauOoyiee pactpoCTpaHEHHBIM METOOM
MEXaHUYECKUX HCIbITaHuK . K OCTaJIbHBIM METONaM HCIBITAaHUN HAa TBEPAOCTH

OTHOCATCS TPU CTaHAAPTHBIX MeToja : bpunennsa , Poksemna u Bukkepca.

CymHocTh, €XeMa HCHbITAHHMA ,pacyeTHble (opMyJIbI ,OnpeneIeHue

TBepaocTu no Poksesay .

WcnpiTanne Ha TBEpAOCTh 1O POKBEmly MNpPOU3BOAAT BIABIMBAHUEM B
UCHIBITYEMbIN 00paszer; anMa3Horo kKoHnyca ¢ yriaoMm 120° mpu BepiidHE WIH
CTaJbHOTO 3aKaJleHHOro Iapuka auamerpoMm 1,588 mm . Illapuk u koHycC
BIABJIMBAIOT B MCIBITYEMbIM o00Opasen mojx AEMCTBHEM JBYX IOCIEA0BATEIbHO
IpUjaraéMbiX Harpy3ok — npeasapurtenbHoi PO u ocHoBHoil P1 . O6mas Harpyska

OyJzet paBHa cymme npeaBaputTeabHoi PO Harpy30K 1 OCHOBHOM
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P1; P=P0+ Pl (pucynok 1)

PucyHnok 1- cxeMa ucnbITaHWil Ha TBEPIOCTh BAABIMBAHUEM aJIMa3HOI0 KOHyca (Ha

npudope Poksena)

[IpensapurensHas Harpy3ka P, Bo Bcex caydasx paBHa 100 H, ocHoBHas P4
u oOmas P Harpy3ku mpu BIaBIMBaHUU CTajJbHOrO IIapuka (mkana B) cocraBustor
P;=900H, P=100+900=1000H, a npu BaaBnuBaHuu aima3Horo konyca (mkana C)
P,=1400H, P= 100+1400=1500H, npu BaaBiMBaHUU aJIMa3HOTO KOHyca (IIKayia A)
P,=500H, P=100+500=600H.

Yucno TBepaocTH Mo PokBely BeIMYMHA OTBJIICUYEHHAs W BBIPAXKAETCA B
YCIJIOBHBIX €JIMHHULIAX.

3a eAMHMIy TBEPJOCTH NPHUHATA BEIUYMHA, COOTBETCTBYIOIIAs OCEBOMY
nepemMenieHno Hakoneunnka Ha 0,002mm.

Yucno tBepmoctu mno Poxeemny HR ompenensiercs mo dopmynam npu
m3mepenuu no mkaie B HRB=130-e, npu usmepenun no mkane C u A HRC=100-e,
HRA-e.

Bennuuna e onpenensercs mo cienyromeit popmyire:

rje h- rimyOrHa HaKOHEYHWKA B HCTIBITYEMBIN MaTepral Mol ACHCTBUEM HATPy3KH
P, u3mepenHast nocie CHATUS OCHOBHOM Harpy3ku P, ¢ octaBiieHueM

MpeaBapuTeIbHON Harpy3ku P, hy - TiryOnMHa BHEAPECHNUS] HAKOHEYHHUKA B
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VCIIBITYEMBIN MaTepuai o ACUCTBUEM IPEABAPUTEIBLHON HATPY3KH Py.

B 3aBucMMOCTM OT TOro, NPUMEHSIIOT WIAPUK WJIM aJIMa3Hbli KOHYC, U OT
Harpy3Ku, MpU KOTOPOH MPOBOAAT UX UCTIbITaHUE(T.€. 10 Kakoi mkane: B, C wiu A),
gucio teepaoctu o6o3navaror HRB, HRC, HRA.

Benuunna TBepAOCTH YWTaeTCs MO IIKaje mnpubopa, MNpU HCHBITAHUU

aJIMa3HbIM KOHYCOM — I10 YEPHOM IIKaJE, IPU UCTIBITAHUH IAPUKOM — I10 KPACHOU.

Bp100p HArpy3KHM U HAKOHEYHHUKA

Harpy3ky ¥ HakOHEYHUK BBIOMpAIOT B 3aBUCUMOCTU OT TBEPIOCTH
ucneiTyemoro oopaszua (5, ¢.59). Hanpumep, npu usmepenun TtBepaoctu HRC,
Harpy3ka 1500H, npenensr uzmepenuii 20...67 eaunuin. Ha mnpaxkTuke cTanabHbIC
3aKaJieHHbIe O00pa3Ilbl HCHBITHIBAIOT aJIMa3HbIM KOHYCOM, CEpbhle — CTaJbHbIM

3aKaJICHHBIM HIaPHUKOM.

IoaroroBka mnpudopa tuna PokBe/uia, mnpoBeAeHHE MCNBITAHUA U
onpeaejieHue TBEPAOCTH

1. YcranoButh HEOOXOAUMYIO Harpy3Kky (cxema mpubdopa 5, ¢.56).

2. YCTaHOBUTH UCIIBITHIBAEMBIN oOpa3en 6 Ha cTon 7 mpudopa.

3. Bpamenuem MaxoBuka 8 1o 4acoOBOM CTPEIIKE CTOJI OCTOPOKHO MOJHUMATH,
P ATOM CTpeJIKa WHANKATOpPA JOHKHA CTaTh MPOTUB KPAaCHOW TOUYKH, a OOJIbIIas, ¢
MOTPENTHOCTRIO + 5 JeNeHu, Ha HyJb IIKaJIbl WHANKATOPA, €CIU OOJbINas CTpeka
OyZeTr OTKIIOHEHa OonbIle, YeM =+ 5 JeleHWid OTHOCHTEIHHO HYJIEBOTO IITpUXa
IIKaJIbI, HEOOXOIUMO BpAIlEHHEM MaXOBHKa 8 MPOTHUB YaCOBOW CTPETKH OMYCTUTH
cToJ (CHSITH MPEABAPUTENIbHYIO HArpy3Ky) M MCIBITAHUE MPOBECTH BHOBH B JPYTOM
MecTe oOpaslia.

4. Bpamenuem Oapabana 9 ycraHoBUTh HyJb MKaidbl C (4epHOro IIBETA)
IIPOTHB KOHIIA OOJIBIIION CTPETKU UHIUKATOPA.

5. [maBHBIM Ha)kaTHEM PYKW Ha KjaBumry 10 BKIIOYWTH MPUBOJ MEXaHU3Ma

Harpy >KeHHs.
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6. Ilocne oOkOHYaHMsI LHMKJIA HAarpy>K€HUs MPOU3BECTH OTYET IO ILKaJe
uHAukaropa. [lodydyeHHbIH pe3ysbTaT TBEPAOCTH 3amucaTh B rpady 4 Mnporokosia
UCIIBITAHHUS.

7. BpamieHue mMaxoBUKa 8 IMPOTHB YAaCOBOM CTPEIKH OMYCTUTh CTON (CHATH
IpeIBapUTEIbHYI0 Harpy3ky), oOpasel NepeABUHYTh M MOBTOPUTH HCIIBITAHUE B
apyrom mecre obpasua. Ha kaxaom obOpasiie JOKHO ObITh MPOBEACHO HE MEHEee
TpeX UCIbITAaHUN. PaccTosiHue LeHTpa oTmeuyaTka OT Kpas oOpa3la Wid OT LEHTpa
JAPYroro NOJKHO OBbITh HE MeHee 3 MM. Pe3ynpTaThl MOCIEAYIOIIMX HCHBITAHHMA
TBEPIOCTH 3amucath B rpady 5 u 6 mpoToKoJia UCIIBITAaHUS, a cpeiHee — B rpady 7.

8. Yucna tBepmoctu mno PokBelly NEpeHeCTH B YMCIA TBEPAOCTH IO

Bbpunennto u 3anucate B rpady 8 IpOTOKOJIA UCTIBITAHUS.

IHopsiaok BbINOIHEHHS PadOThI

1. U3yunth cxeMy WCHBITAHUS METAJUIOB (CIJIaBOB) Ha TBEPIOCTH TIO
PokBemy, pacueTHbie GOPMYIIHL.

2. O3HakomMuThCs ¢ ipudbopom tuma Poksemna TK-2.

3. IlpousBecT MOATOTOBKY OOpas3Iia.

4. TloaroToBuTh mMpubOp THNa POokBemIa, MpoBECTH UCHBITAHKUE, OMPEICITUTh
TBEPJIOCTh 00pa3Iia.

5. Tlomy4yeHHBIC TaHHBIC 3aHECTH B TPOTOKOJ HCTIHITAHU.

HpOI’I’lOKOJZ UcnvlmdaHus Ha meepdocmb

Ne | Marepua | lllkan | Tsepmocts HR Teepnoct
n/ |1 a ITepBoe Bropoe Tpetbe cpenHe | b o
n | obpa3ua U3MEPEHN | U3MEPEHU | U3MEPEHH | € bpunenn
e e e 10
(mepeBon)
1 |2 3 4 3) 6 7 8
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Bonpocsl 1is1 camonpoBepKu

1. Yro Takoe TBepaocTh MeTamioB? Kakum cmocoboM oHa onpesensiercs?

2. Kak npoBoauTcst uCTIBITAHUE HA TBEPAOCTH MO PokBemty?

3. B kakowm cirydae HCTIONB3yeTcs ajIMa3HbIi KOHYC, a KOT/Ia CTallbHON
3aKaJICHHbIN apUK?

4 . JIns KakuxX METaJUIoB (CIUIAaBOB) MPUMEHSIIOT UCTIBITAHKS HA TBEPIAOCTH O
Poksemny?

5. CpaBHUTH cIOCOOBI U3MEPEHUS TBEPAOCTH N0 bpunemnto u Poksenny.

Conep:xxanue oTuera
OTyeT AOJKEH ConepKaTh:
- KpaTKO€ OIMCaHUE CYIIHOCTH, CXEMbl UCIIBITAHUS, pACUETHBIE (POPMYJIBL;
- POTOKOJI UCIIBITAHUSI HA TBEPJOCTbD;

- BBIBOJHEI.

Pexomenayemas aureparypa

1. Anackun AM., 3ye B.M. MarepuanoBeaeHue W TEXHOJIOTHUS
MeTaiuioB.-M.: 1. JI. «DOPYM» NHD®PA-M,2017.

2. Kysemun B.A. m nap. Texnomorns MeTtajusioB M KOHCTPYKLUMOHHBIE
Marepuaisbl.- M.: MammHocTtpoenune,1981.

3. JlaxTun O.M., JleonTheBa B.II. Marepuanosenenue.-M.:
Mammnoctpoenue, 1990.

4. OBunnHukoB B.B. Meramnosenenue.-M.:1JI «®POPYM» HNHOPA-
M,2015.

d. Camoxoukuit A.W., Kynssckuit M.H. JlaGoparopubie paboThl 10
METaJNIOBEICHUIO u TEPMUYECKOMN o0paboTke MeTaioB.-M.:

MammHoctpoenue, 1981.
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JlaGopaTopnass padora Ned «MukpoaHaiau3 crajeil U 0eJibIX YyT'YHOB B
PABHOBECHOM COCTOSTHHID)
eab padoTsl
OOyueHnus:

- U3y4eHUE MHKPOAHANM3a CTajdl M O€NbIX YYTyHOB C pPa3Iu4YHbIM
CoJIep>KaHUEM yTriiepoaa

— YCTAHOBJICHUE CBSI3M MEXIY CTPYKTypamMu U JAUarpaMMoOul COCTOSHHS
<OKEJIe30-1IEMEHTHT)
Bocnuranus :

— BOCIIUTAHUE Yy  CTYJCHTOB  3HAYUMOCTH  IPOQPECCHOHATBHBIX
MPAaKTHYECKNUX HABBIKOB ;

- YYBCTBO OTBETCTBEHHOCTHU 33 KAUECTBO BBITIOIHIEMOUN PaOOTHI .
PazButns :

— yMeHHs paboTaTh B KOJJIEKTUBE UCTIOTHUTENCH.

3ananue

1 M3yuuth MUKPOCTPYKTYPY VYIJIEPOJIUCTHIX CTalled U O€JbIX YYTyHOB C
Pa3IUYHBIM COACPKAHUEM yTIepoia

2 3apucoBaTh UCCIIEIOBAHHBIE MUKPOCTPYKTYPBI M CXEMBI MUKPOCTPYKTYP

3 YcTaHOBUTH CBSI3b MEX]Y CTPYKTYpPaMU U JUArpaMMOM COCTOSIHUSI «KEJIe30-
[IEMEHTHT»

4 OpopMHUTB OTHET.

MarepuajbHoe o0ecnieueHue

1 Meramnorpaguieckuii MUKpOCKOI

2 HaGop Mukponuimm@oB TEXHHYECKOTO jKelie3a , YTIEpOJUCTBIX CTajell u
OeJNBIX YyTYHOB ( C pa3IMYHBIM COJIEPKAHUEM YTJIepo/ia )

3 JlnarpammMa COCTOSIHHS KEIE30 — LIEMEHTUT
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KpaTtkue TeopeTnyeckne cBeJleHUs
MUKpOCTpYKTYypa TEXHUYECKOTO JKejle3a M YIJIEPOAUCTBIX CTajed Juis
PABHOBECHBIX YCIIOBUM XapaKTEpU3yeTCS HWKHEM JIEBOM 4YacCTbK JHArpaMMBbl
COCTOSIHUS KEeJIe30—IEMEHTUT (pUCYHOK 1.1)
Cmnasel ¢ cogepxanueM 110 0.02% C Ha3pIBaIOTCS TEXHUYECKHUM KEJIE30M , OT
0.02 mo 03 % C — npossrexkromanHbiMu ctaimsiMa U or 0.8 mo 2.14 % C —

sBTekTOMAHBIMU. CrnaB ¢ cojaepxkanuem 0.8 % C Ha3pIBaeTCsi 3BTEKTOUIHOU

CTaJIbIO.
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Puc.1- HwxHss neBas 4acThb AuarpaMMbl COCTOAHUA KCIIC30 — HCMCHTHUT

B 6enbix uyrynax (puc.2) Bech yriiepoJi HaXOJUTCSl B CBSI3AHHOM COCTOSIHUH ,
T.¢ B BHJEC IIEMCHTHTA . Belblii 4yryH B 3aBUCHMOCTH OT COJACpIKaHUs Yriepoja
pasnensercst Ha osBTekTnyeckuit ( ot 2.14 1o 4.3 % ) , aBrexktnueckuii (4.3 % C) u

3asBTekTuyeckuii ( ot 4.3 10 6.6 %)
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PacTBopumocTh yriepoaa B L - :kese3e nmepemenHasi (cMm.JuHuto PO Ha
puc.l) C noHmwxkeHueMm TeMiiepaTypbl pacTBOpUMOCTh B L-kenesze nmonmwkaercs Ilpu
727C B L-xenese pactBopsiercst 0.02 % C , a npu komHaTHo# TemnepaTtype 0.006%
C . B cBs3u ¢ 3TuUM cmuiaBsl kenesa ¢ cogepxkanueM 110 0.006 % C umeror cTpyktypy
TOJIKO TBEPAOro pacTBopa yriepoaa B L — xkenese , T.e geppura , (cM. puc.3 ) B
craBax ¢ cogepxkanueM oT 0.006 mo 0.02 % C B ¢ MOHMKEHHEM PAaCTBOPUMOCTH
yraepojga B L — jxeneze mpu MOHMKEHUM TeMIlepaTypbl U3 (epputa BbIICISAETCS
IIEMCHTUT ,HA3bIBAEMBI TPETUYHBIM . TPETHUYHBI IEMEHTHUT BBIACIACTCS IIO0

rpanuiiam 3epeH epputa ( puc.4)a

Puc.3- Texanueckoe xkene3o — heppur:

a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPHI .

508

Puc.4- Cranb ¢ 0.015 % C — deppuTt + 1ieMeHTUT (TPETUYHBIH ):

a) MUKPOCTPYKTYpa , 0) cxemMa MUKPOCTPYKTYPBHI.
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MUKpPOCTPYKTYpPa [JI03BTEKTOUIHOU U IBTEKTOMIHOM CTaJIM.
MukpocTtpykrypa aossrekTounnoit craimu (mo 0.8 % C )cocrout u3 deppura u
nepauTta, 3BTekTouiHon cranu (0.8 % C ) — u3 oaHoro nepiura . MUKpOCTpYKTypa
depputa nana "Ha puc.3. Ha puc.5 nana mukpoctpykrypa nepauta . [Ipemur — 3o
ABTEKTOHU-MEXaHUYeCKass CMech QeppuTa W I[EMEHTHUTA ,OJIy4aromascs B

pe3ynbrare pacnana aycrenura c 0.8 % C.

Puc.5- OBrekronnnas crans ¢ 0.8 % C-nepnurt:

a) MUKPOCTPYKTypa , 0) cxemMa MUKPOCTPYKTYPHI .

Ha wmwukpoctpyktype mnepmura oOmmii ¢GoH — deppuT , BBICTyMaOImue
TUTACTHHBI — [ICMCHTHUT ,TEMHBIC MECTa — TCHH .
B 1mo3BTEKTOMAHOW cTamu TOCIE TpaBJICHHS (EPPUT BBISBIACTCS B BUJC

CBETJIBIX IOJICH , a MEPJIUT — B BUJIE TOJIEH MTOJI0CYATOTrO CTpoeHUs (puc.6 ) .
‘._4.‘ ozq’:g‘,x o 2 : . : = i«r I 8 %

Puc.6. oasrexkrounnas ctaib ¢ 0.3% C -dbepput + nepiur :

a) MUKPOCTPYKTYypa , 0) cxeMa MUKPOCTPYKTYPbI
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Coaep:xanue yriepoaa B 103BTEKTOUIHOM CTAJIH 10 MUKPOCTPYKTYpe .

[Io MHKpPOCTPYKTYype MAOIBTEKTOMJIHOM CTald MOXHO NPHUOIUZUTEIHHO
ONpENENIUTh COACpPKAHUE B HEW yriaepoja, Uil 4Yero HYKHO OPUEHTHUPOBOYHO
OTIPENIENUTh TUIOMAAh (B MPOIEHTAX ), 3aHUMaeMyt0 (EeppUTOM U MepauToM. B cBs3u
C TeM, 4To B (heppHUTEe PACTBOPEHO OYECHb HE3HAYUTEIHHOE KOJUYECTBO YIJIEPOA,
NPaKTUYECKH MOKHO CUYUTaTh, YTO B JIOBBTEKTOMJHON CTajdud BECh YTIIEpPO]

HaxoaWTCs B miepauTe. Torma comepKaHue yriiepoia B CTalld MOKHO ONIPEIEIUTh 110
dbopmyiie:
0,8

C=F,- %
rae

F, - miomane, 3aaumaemMas nepautom %o.

[Ipennonoxum, HanrpuMep, YTo nosioBuHa miommaau (30 %) 3aHATO MepaUTOM,

nosioBuHa (hepputoM. Coaiepikanue yriiepoaa B TAKOW cTaau OyIeT paBHO
70 % 0.8
C=——

— 0
100 0.56 %

MuKpoCTpyKTYpa 32a3BTEKTOUAHOM CTAJIH.

MuxkpocTpykrypa 3a3BTrekrouHoi cranu (C = 0,8 - 2,14 %) umeet cTpyKTypYy,
COCTOSAILIYK) U3 MepiauTa M LUEMEHTUTAa BTOPUYHOIO. BTOpPUYHBIA LEMEHTHUT
BBIZICJISIETCA M3 ayCTEHUTA MPU OXJAXKACHUU OT TemnepaTrypbl Acr (muHus SE) mo
TemrepaTypbl An (U SK ) (em.puc. 1)

[Ipy MemyieHHOM OXJIaXXKIEHUU I[IEMEHTUT BTOPUYHBIM BBIACIAETCS B BHUJIE
CETKH I10 T'paHulaM 3epeH aycreHuta. [Ipu goctmxennn remnepatypsl Ar ayCTEHUT
npeBpallaeTcs B NepiuT. B pe3ynbrare MeIIEHHOTO OXJIaXIAEHHUS 3a3BTEKTOUIHAS
CTaJlb UMEET CTPYKTYypy IEpJiuTa U CETKU LIEMEHTUTa, Oejasi ceTKa - BTOPUYHBIN

[IEMEHTUT, & BHYTPU CETKU 3€pHA IJIACTUHYATOIO CTPOCHHUS - EpIUT (puc. 7.)
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Puc.7- 3asBrexTonanas craib ¢ 1,2 % C- nepnut + nuementut (11 ):

a) MUKPOCTPYKTypa , 0) cxeMa MUKpPOCTPYKTYPBI.
MuKpOCTPYKTYpa 3BTEKTHYECKOr0 0eJIoro 4yyryHa

MuUKpOCTpyKTypa 3BTEKTUYECKOTO OEJIOro 4YyryHa COCTOUT TOJIBKO M3 OJIHOTO
neneOypura (LEMEHTUTHON 3BTEKTHKH), oOpasyromierocs npu 1147° C npu
ABTEKTUYECKON KPUCTAJUIM3ALMKU >KUAKOro ciiaBa c coxaepxkannem 4,3% C wu
coctosimero (mpu 1147° C) wu3 SBTEKTUYECKOTO IIEMEHTUTa U ayCTCHHTA,
coaepxkaiiero 2,14% C (touka E Ha nuarpamme xene30— IIEMEHTUT) U IEPBUYHOTO
ueMeHtuta . Ilpu mocieayromeM  OXJAXIECHUU BCIEICTBUE YMEHBLICHUS
pPacTBOPUMOCTH YTJiepojia B aycTeHute (MuHus E Ha nuarpaMmme xeae30—IeMeHTHT,
puc. 2) U3 aycTeHuTa BbIAEHSETCS (KaK U B 3a3BTEKTOUIHBIX CTAJISIX) BTOPUYHBIN
LHEMEHTUT. BTOpHUYHBIA LIEMEHTUT CIMBAETCS C ILEMEHTUTOM JBTEKTUYECKUM,
MO3TOMY B CTPYKType 53BTEKTUKM HEBO3MOXHO YyKa3aTh, TIJi€¢ HaXOJUTCA B
OTACIBHOCTH ABTEKTUYECKUN IIEMEHTUT M BTOpUYHBIM 1emeHtuT. Ilpu 727° C
ABTEKTHKA COCTOUT M3 IIEMEHTUTA U aycTeHuta ¢ coaepxannem 0,8% C. Ilpu stoii
TEMIIepaType ayCTCHHUT MPEBpAIIaeTCs B MEPIHUT. TakuM 00pa3oM, MOCIE MOJHOTO

oxJaXaeHus - neaedyput (puc.8)
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Puc.8- OBrexTuueckuit 6enbiit uyryH ¢ 4,3 % C — neneOypur:

a) MUKPOCTPYKTYypa , 0) cxeMa MUKPOCTPYKTYPHI .

MuKpoCTpyKTYypa 103BTEKTHYECKOT0 0€/10r0 YyryHa.

JloaBTeKTHYECKHI OeNblid YyryH TIOCJI€ TOJIHOTO OXJaXJACHUS HMEET
CIIEYIONIYI0 CTPYKTYpY: JeqeOypuT (IIEMEHTHTHAs 3BTEKTHUKA) + MEpIauT + BTO-
puuHblil 1leMeHTUT. C yBeJIMYECHHEM COJEpKaHUs yriepoa, Korjaa JeneOyputa
CTAHOBUTCSI OTHOCUTEIBHO MHOT'O, BTOPUYHBIM IIEMEHTUT B CTPYKTYpPE CIIUBAETCA C
[IEMEHTUTOM Jiele0ypuTa (IBTEKTHUECKUM). MOXHO CUUTATh, YTO CTPYKTypa TaKUX
JOPBTEKTUYECKUX O€NbIX YYTyHOB COCTOMT U3 JeAeOypura (LIeMEHTUTHOMN

ABTEKTUKH) U TiepauTa (puc.9.)

Puc.9 - Jlosrexktuueckuii 6embiil uyryH ¢ 3% C- nepaut + aeaudypur:
a) MUKPOCTPYKTYDa, 0) cxeMa MUKPOCTPYKTYPBI.

MHuKpOCTPYKTYpPa 3a3BTEKTHYECKOr0 0€eJ10ro 4yryHa.

MuKpoCTpyKTypa 3a3BTEKTHUECKOT0 O€JI0ro 4yryHa COCTOUT U3 JeAeOypuTa
(LIEMEHTUTHOM PBTEKTUKHU) U TIEPBUYHOTO 1ileMeHTuTa (puc. 10).

Puc.10- 3asBTexTnueckuii 6enbiii 4yryH ¢ 5% C- ueMeHTHuT ( IEpBUYHBIN) +
nenedypur:
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a) MUKPOCTPYKTypa , 0) cxema MUKPOCTPYKTYPBHI.

IHopsinok BeIMOJIHEeHNsI pad0ThI

1 HM3yunTh OCHOBHBIE TEOPETUYECKHE IIOJIOKEHUS O MHUKPOCTPYKTypax
YTIEPOJUCTHIX CTaNel U OebIX YyT'yYHOB.
2 IToaroroBuTh K paboTe MeTaLIOrpaPuIecKuii MUKPOCKOII.
3 HOAroTOBUTH 00pa3libl CTajiel U OeNbIX YyTYHOB K ITPOBEICHUIO0 MUKPOAHAIN3a
4 HWccnenoBaTb MHUKpOULIU(BI TEXHUYECKOTO JKEJIe30 ,YINIEPOJUCTBIX CTaled H
OeNpIX YYTYHOB U OINpPEACTUTh MHUKPOCTPYKTYpbl .CpaBHUTH BBISIBJICHHBIE
MUKPOCTPYKTYpPbI ¢ 0003HAUYEHHBIMU Ha IUarpamMMe >KeJe30-1EMEHTHUT .

Bonpocs! Aj1s1 caMonpoBepKH
1. Yto Takoe peppur ? KakoBbl ero MexaHu4eckue cpeacTaa ?
2. Yto Takoe nepaut ? KakoBbI ero MeXaHU4ECKHE CBONCTBA?
3. Uto Ttakoe nieMeHTHT ? KakoBbI €ro MeXaHHUeCKHe CpeCcTBa ?
4. Kak MeHsieTcsl CTpYKTypa CTaji B 3aBUCUMOCTH OT COJIep KaHus yriepoaa ?
5. Uro BxoauT B cocTaB jeaedypura Oeibix 4yryHoB rnpu temneparype 1147 C u npu
KOMHATHOU Temmepartype ?

Conep:xxanue oTuera

OT4eT T0JKEH COepkKaTh ICKU3 TUarpaMMbl COCTOSIHUS HKEJIE30 — HEMEHTUT U
KPaTKyK XapaKTEpUCTUKY CTPYKTYp COIJACHO JuarpamMMbl B 3aBUCUMOCTH OT
COZIEpKaHMs YTIIEpOa B CIUIABAX ;

— DCKM3bI UCCIIEAOBAHHBIX CTPYKTYP U UX CXEMBI
— COCTaB HCCIIEIOBAHHBIX CTPYKTYD ;

— BBIBO/JIBI .
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PexoMenayemasi iureparypa

1. Anmackur A.M ,3yeB B.M. MarepuanoBeneHue W TEXHOJIOTHSA
marepuanoB .-M.: 1] «DOPYM-UHOPA-M»,2017.

2. OBunnHukoB B.B. Metamnosenense —M.:N1JI « ®POPYM — UHD®PA-M»
, 2017.

3. JlaxTuH IO.M , JleontseBa B.II. Marepuanosenenbe. — M.:
Mammnoctpoenue, 1990.

4, Ky3pmun B.A. u.jap. TexHonoruss MeTaqioB U KOHCTPYKIHMOHHBIE
Marepuainsl —M.: MammHocTpoenue ,1981.

5. Camoxouxkuit A.M Kynssckuii M.H. JlaGoparopHsie paboTshl 1O

MCTAJUIOBCACHBIO WM TCPMHUUCCKHC O6pa6OTKI/I MCTaJIJIOB .-M.:MaHII/IHOCTpOCHI/Ie,

1981.

HNurepHer — pecype :
rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...

PexomeHntyeMbie yueOHbBIE U3IaHUS U DJIEKTPOHHBIC PECYPCHI, WHTEpHET -
pecypcbl

JI1.Anackun A.M. Marepuanosenenue. —M.: Akagemus1,2015,2016,-239 c.
JI2. OBunnnukoB B.B. Metannoseaenue. — M.: U]l « DOPYM»; THOPA-M, 2015-
320c.
OP1. borogyxoB, C.M. Kypc wmarepuanoBeieHus B BONpOCax U OTBETax
[DnexTponHbIil pecypc] : yued. mocodue / C.U. borogyxos, A.B. Cuntoxun, E.C.
Ko3uk. — Onektpon. gaH. — MockBa : MammHoctpoenune, 2014. — 352 c. —
Pexxum noctyna: https://e.lanbook.com/book/63212. — 3aru. ¢ skpaHna.
OP2. Tapudynnun, @.A. MarepuanoBeieHHE U TEXHOJIOTUS KOHCTPYKIHMOHHBIX
MaTeprajoB: Y4eOHO-METOAMYECKOE ITOCco0ue [DIEeKTPOHHBIN pecypc] : yued.-MeToI.
nocobue / ®.A. apudynnun, P.I. Aronos, B.B. KunskoB. — DnekTpoH. naH. —
Kazanp : KHUTY, 2013. — 248 c¢. — Pexum  Jjocrymna:
https://e.lanbook.com/book/73296. — 3ari1. ¢ skpaHa.
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NHuTtepHeT- pecypchl.
NP1. Enuroe oxHO 1ocTyna K HHGOPMAIMOHHBIM pecypcam
http://window.edu.ru/

NP2 HaunonanbHas 3JIeKTpOHHAsE OMOIMOTEKA

http:/www.elibrary.ru/.

JlabopaTtopnas paGora Ne 4.
Tema padoThl: «3aKkajka cTaan»
eab padoThl

OOGy4eHwus :

— O3HAKOMHUTCS C TEXHOJIOTUYECKUM IMPOLIECCOM TEPMUUECKOI 00pabOTKH ;

— TMPAKTUYECKUX HABBIKOB MPOBEACHUA 3aKAJIKHU YTIIEPOIUCTON CTaIH .
Bocmiranus :

— BOCHUTaHMS Y CTYJEHTOB OTBETCTBEHHOTO OTHOILICHUS K JOCTUKECHUIO
MMOCTaBJICHHOM 1ICIIH .
Pa3zBurns :

— JIOTUKHW MBIIUJICHUS U YMCHHA IIPUHHUMATh 00OCHOBaHHbBIC peuicHus:d .

3ananue

1 moaroToBUTH 00pa3Lbl U3 YIIEPOIUCTOMN CTANIN ISl MPOBEAEHUS
TEPMHUIECKON 00pabOTKH .

2 OnpenenuTs peKUMbI IPOBEICHUS 3aKaJIKU U OTITYCKa YIIIEPOAUCTON CTaIH

3 IIpou3BecTH 3aKajKy U OTIIYCK 0Opa3OB U3 YIIEPOIUCTOMN CTAH .

4 OnpenenuTs TBEPAOCTh 00PA3LOB MOCIE 3aKAJIKH U MTOCIIE OTITYCKA .

5 [IpousBecTu cpaBHEHHUE U3MEHSIONINXCS MEXaHUYECKUX CBOMCTB

(TBEpIOCTH) 0OPA3IIOB U3 YTIACPOIUCTON CTATHU 0 U TIOCIIE TEPMUIECKON 00paboTKU
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5 MarepuajbHOe obecneyeHmne

1 O6pas1sl U3 yraepoarCToi CTaj .

2 DnexkTpuueckas MypenbHas medb .

3 TepMOdAEKTPUUECKUIN TUPOMETP.

4 3akanouyHblii Oak C BOJO .

5 MacnsiHas BaHHa .

6 [Ipubop TK-2 nns onpenenenus tBepaocty no Poksemny.

7 BcnomorarenbHbIe IMPUHAAJICKHOCTU 1 HHAWBUAYAJIBHBIC CPCACTBA 3allIUThI

Kparkue TeopeTtudeckue cBeieHUsI
CylmHOCTh ¥ HA3HAYEHHE 3aKAIKHU
3akanka — TepMOOOpabOTKa ,3aKIIOYAIONIasCs B HarpeBe CTaJld BBIIIE
kputudeckux Touek Ha 30...50 C , BblIep)KKE M MOCIEAYIOIIEM OXJIaXJICHUH CO
CKOPOCTBIO KPUTUYECKOW HIIM OOJIBIIE KPUTUUECKON C IEIbI0 TOCTUKEHUSI BRICOKOU

TBCPAOCTH 3a CUCT O6p&130BaHI/I$I MapTCHCHUTA .

OnpenesieHue TeMneparypbl 3aKaJIKH

TeMmnepaTypa HarpeBa noJ 3aKaJIKy ONPEAEISAETCS MO HUXXKHEU JIEBOM YacTH
IUarpaMMBbl  COCTOSIHUSL <GKEJIE30-LIEMEHTUT» B 3aBUCHUMOCTH OT COAEPKAHUSA
yriepoaa B cranu . JloaBrektouansle crtanu HarpeBatoT Ha 30...50 C Belme
kputudeckoit Touku AC3 ( munus puc.l ) 3asBrexkrouansie — Ha 30...50 C BbImie
kputndeckor Toukn AC1 ( muaus SK, puc.1)

Omnpenenenue BpeMeHHN BbIACP:KKH 00pa3oB B eYH

Bpemsa narpeBa ompeznensiercs u3 pacuera 1.5 mMuH Ha 1 MM amamerpa miist

MUINHAPHUYCCKHUX 3arOTOBOK .
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Puc.1- OntumanbHbI HHTEPBAT 3aKAJIKH YTIJIEPOAUCTON CTANH .

Oxnaxxaenue cpeabl

Hcnonp3yercs Boga U MamumHHOE Maciio Mapku «anycrpuansaoe 30»

CTpyKTypHBIE IpeBpALlICHUS NPH 3aKAJIKe

B pesynbraTe HarpeBa 103BTEKTOMIHOM CTAIHU 0 3aKAJIOYHOU TEMIIEPaTyphl U
BBIJICPKKH MUCXO/IHASI CTPYKTYpa : PEeppUT + NMEePIUT NpeBpalaeTcs B aycTeHuT . [lpu
OXJIAXJEHUHA B BOJAE INPOUCXOAMT IIPEBPAICHHUE AayCTEHHWTAa B MApPTEHCUT , a NPH
OXJIAKIEHUM B Maciie 00pa3yercsi CMellaHHasi MApTEHCUTOTPOOCTUTHASL CTPYKTYpa .
B 3a’BTEKTOMIHOM CTanu B pe3ysIbTaTE HArpeBa 0 3aKaJOYHOW TeMIeEpaTyphl ,
BBIJICP)KKA B AYCTEHUT IPEBPALIACTCA IEPIUT ,CTPYKTypa HPH 3TOM COCTOUT W3
ayCTEHUTa W BTOPUYHOTO LIEMEHTUTA ,IO3TOMY CTPYKTypa 3aKaJlEeHHOW CTaJH
COCTOMT M3 MapTeHcuTa ( HpU 3aKajke B BOJE ) U MapTEHCHUTHO-TPOOCTUTHOM
CTPYKTYpHhI ( IIpU 3aKajKe B Macjie ) , a TAKK€ BTOPUYHOTO LEMEHTHUTA , KOTOPBIN

IMOBBIIACT TBEPAOCTD U M3HOCOCTOMKOCTbH CTaJH .
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IHopsiaok BhINOIHEHNSI PadOThI

1. Onpenenuts TBepAOCTh 3-X 00pa3ioB (HRB) B ucxogHOM (OTOXKKEHHOM )

COCTOSIHUH , UCTIOJIBb3YsI mpubop Pokserna .

2. IlonyyeHHble 3HAHUSI TBEPAOCTH B COOTBETCTBUM ¢ Tabmuueit ( 1.c.173 )

«CooTtHomenne uncen TBepaoctu mo bpunemmio u PokBemry» mpeoOpa3oBaTh B

BeJNIMYKMHBI TBepaocTu 1o bpunemto u Pokeemty ( HRC) .

Hanpumep , ipu HRB = 93 , HB = 1970 H/mm2 , a HRC = 12.

3. Ucnonw3ys Tabnuiyy 1 , ompenenuTs MapKy CTajld U COJCpKaHUE B HEH

yriiepoaa , HampuMmep , cranb 45 copepxur 0.45 % C , ee tBepgocts HB = 2070

H/mm2. Taxkas ke TBepaoctb y ctanu Y 12 ,cogepxkanue yriaeponaa B Helt 1.2 %.

HOPMBI TBEPJOCTH YTJIEPOJIMCTON CTAJIA B OTOXKEHOM COCTOSHUU

Mapka cranm

TBepaocTh OTOXOKEHHOU

cranu HB ( He 6omee)

Mapka cranm

TBepnocThb

oTOXOKeHHOU ctai HB

( e Goutee)
40 1970 Y9 1920
45 2070 Y10 1970
50 2170 Y12 2070
4. YuuTbIBas COJIEp)KaHUE YIJIepoJa B CTalld OIPEACTUTh TEeMIIepaTypy
3aKaJIKH .

Hanpumep , as cramum V9 : AC1+(30...50 C ) =727 + ( 30...50 C ) 760...780 C ,

cMm.1.4.2 .

5. Omnpenenutb BpeMs BBIAEPKKM O0O0pa3loB B M€Y TMPU MPUHATOM

Temmeparype , (cm.m.4.3) . JIluamerp oOpaszmos 10mm.

6. IlpousBectu 3akanky , mnomemias oOpas3ipl B Te4b , HArPETyIO [0

TEMIICPATYPLI 3aKaJIKU U BBIACPIKHUBAA B TCUCHHUU 3a/JTaHHOTO BPCMCHH. OXH&)KI[CHI/IG

2-x 00pa3IloB IPOU3BECTH B BOJE ,0HOTO B MACIIE .
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7. 3a4nCTUTH TOPIBI OOpPA3IOB OT OKAJIWH , OMpPEAEIUTEe MX TBEPAOCTH IO

Poxsemny (HRC)
Bomnpocs! aj1s1 caMmonpoBepKu

1. Yro takoe 3akanka ? Kak BeIOMpaeTcs TemMreparypa HarpeBa o1 3aKaiky ?
2. Kakue cTpyKTypHBbI€ MIPEBPAIICHUS IPOUCXOJIAT B CTAIH MPHU 3aKajIKe ?
3. IlpousBeaeHHas 3akainka oOpas3ioB u3 cramu 45 u Y12 ¢ temneparypsr 760 C .
OOBsICHUTH , oYeMy 00pasibl U3 ctanu 45 nomyyaroT 0ojee HU3KYH TBEPIOCTS ,
yeM o0pa3ubl U3 ctanu Y12 ?
4. TTpomnsBeneHHas 3aKkajika 00pa3ioB u3 cranu Y7 u Y12 ¢ remneparypsl Ha 50 C
BBIIIIE KPUTHYECKUX Touek . OOpa3iibl U3 Kakoi cTaiau OyAyT UMETh 00Jiee BHICOKYIO
TBEPIOCTH U ITOYEMY ?
Conep:xanue oTyera
1 ChopmynupoBaTh CyUIHOCTh U Ha3HAYEHHE 3aKAJKU U OTIIYCKa.
2 3apucoBath quarpammy coctosinug Fe-Fesc u 0003Haunth TemmepaTypbl HarpeBa
IIPU 3aKaJIKE U OTITYCKE .
3 Onpenenuth BpeMsi BBIIEPKKHA 00pa3lioB B M€Y MPU 3aKAJIKE U OTIYCKE .

4 CocTaBUTh IPOTOKOJI TEPMUUYECKON 00OpaOOTKHU YIIIEPOAUCTOMN CTaNH .

MPOTOKOJI TEPMUYECKOMN OBPABOTKHU YTJIEPOJJUCTOM CTAJIN

Ne Mapka craimm | [Iluamerp Temneparypa | Bpems BbIIEpKKHU , MUH .
n/n oOpasia MM 3akanku C IIpu 3akanke
1 2 3 4 S)
TBEPJOCTDH
B ucxonHoMm cocrossHuM HRC nocie 3ak-ku
HRB HB HRC B Boze B macne
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Ha ocHoBaHum IMPOTOKOJIA CaeJaTh CJCAYIOIIHNE BBIBOADBI ©
B PC3YJIbTATC 3aKaJIK Ha TBCPAOCTD |
ITPH 3aKaJIKE B MacCJIC;

YeM BBIILIE TEMIIEpaTypa OTIyCKa , TEM TBEPAOCTb ...

Pexomenayemas iureparypa
1 Anpackun A.M ,3yeB B.M. MatepuanoBeeHrne U TEXHOIOTHsI MaTEPUATIOB .-
M.: U] «DOPYM-UHD®PA-M»,2017.
2 OBumaHUKOB B.B. Metamnosenenane —M.: 11| « DOPYM — UHOPA-M» , 2017.
3. Jlaktun HO.M , JleonTreBa B.I1. Marepnanosenense. — M.: MammHocTpoeHue,
1990.
4 KyspmuH B.A. u.gp. TexHonoruss MeTaJuioB 1 KOHCTPYKIIMOHHBIE MaTepuaibl —M.:
Mammnoctpoenue ,1981.
5 Camoxouxuit A. ,Kynssckuit M.H. JIlaGopaTtopHbie paOOThI 110 METAIOBEICHBIO

U TepMHUUYECKHe 00paboTku MeTamuioB .-M.:MamuHoctpoenue, 1981.

JlabopaTopHasi padora Ne 6
IIpoaonkuTEILHOCTH PA0OTHI- 2 yaca .
Tema padorsl: «OTHYCK CTAaIW»
Hean padoTsl
OO0yueHus :
— O3HAKOMHUTCS C TEXHOJIOTUYECKUM MPOLIECCOM TEPMUUYECKOI 00pabOTKH ;
— MPAaKTUYECKUX HABBIKOB MPOBEJICHUS OTIYCKa YIIEPOJUCTON CTaH .
Bocnuranus :
— BOCHHTAHMS Y CTY/ICHTOB OTBETCTBEHHOI'O OTHOILIEHUS K IOCTHKEHUIO
MTOCTABJIEHHOW LIEJH .
PazButns :

— JIOTUKHU MBIIIJICHHA U YMCHUA IIPUHUMATD 00OCHOBAHHEIC peuicHuA .
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3ananue

| moaAroTOBUTH 00pA3Lbl U3 YIIIEPOAUCTON CTANIH IJI POBEICHUS
TEPMHUYECKON 00pabOTKH .

2 OnpeaenuTs peKUMBbI IPOBEACHUS OTIIYCKa YIIIEPOAUCTOM CTaJH .

3 IIpousBecTH OTHMYCK 00Pa3IoB U3 YIJIEPOJIUCTOMN CTAJH .

4 OnpenenuTs TBEPIOCTH 00PA3IIOB MOCIIE MOCIE OTIYCKA .

5 Ilpou3BecTr CpaBHEHUE U3MEHSIOIINXCS MEXaHUUECKUX CBOMCTB

(TBEpAOCTH) 00PA3IIOB U3 YIISPOAUCTON CTAIH JI0 M TIOCIIE TEPMHIECCKON 00pabOTKH

S MarepuajbHOe obecnieyeHune

1 O6pa3ibl U3 yriiepoaucToi CTaiu .

2 DnekTpudeckas MydenpHas edb .

3 TepMOBIEKTPUUECKU TUPOMETP.

4 3akanouHblii OaK ¢ BOAOH .

5 MacnsiHas BaHHa .

6 [Ipubop TK-2 nns onpenenenus: Teepaocty no Poksemty.

7 BcnoMmorarenbHbIC IMPHUHAAJICIKHOCTHU U MHANBUAYAJIbHBIC CPCIACTBA 3alIUThI

KpaTtkue TeopeTuyeckne cBeeHUs

CyIIIHOCTb H HA3HAYCHHUE OTIIYCKA

OTtnyck — BUJ TepMOOOPaOOTKH , 3aKIIOYAIOIIMICS B HArpeBe 3aKajJeHHOMU

CTaJIM JI0 TEMIEPATYp , HE MpeBbIaronmMx kpurnueckyto Touky ACI1 ( munaus PK

pI/IC.l), BBIICPIKKC W MCJICHHOM OXJIAKJICHHUM . IIPOBOJUTCA C LCJIbIKO CHATHUA

BHYTPEHHUX HANPSKECHUMN .
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Buabl oTrmycka

IIpn Temniepatype Harpesa pasnudaroT Hu3ku 10 250 C , cpennnit 350...450

C u Boicokuit 500...680 C oTmyck.

Omnpenenenue BpeMeHH BbIIEP:KKH 00pa31o0B B Ile4H MPH OTILYCKE .

Bpems BelIepKKH ompenensercs u3 pacdyera 2-3 MuUH . HA | MM auamerpa

obpasna .

CTpyKTypHbIEe IpeBpalieHus MPH OTIyCKe

[Ipy HHU3KOM OTIyCKE MAapTEHCHT 3aKajKd MPEeBpaliaeTcss B MapTEHCUT
OTITyCKa ,MEHee MEePEHACHIIICHHBIN YIIepoaOM ; MPH CPEeIHEM OTIycKe oOpasyercs
OuYeHb MeJsKasi (PEpPpUTHO — IIEMEHTUTHAs CMECh-TPOCTUT OTIIYCKa , IPU BBHICOKOM
OTIycKe — (DEppPUTHO — IIEMEHTUTHAsI CMEChb — COpPOUT OTITyCKa , HECKOJBKO OoJiee
KpYTIHasi , 4YeM TPOCTHT .

IHopsinok BeIMOIHEHUsI padOTHI

1. Onpenenuts TBepAOCTh 3-X 00pa3ioB (HRB) B ucxogHoM (OTOXKKEHHOM )
COCTOSIHUH , UCTI0JIb3YsI pubop Poksenna .

2. Ilomy4yeHHbIe 3HAHUS TBEPAOCTH B COOTBeTCTBHH ¢ Tadmuiei ( 1.c.173 )
«CootHomienne uucen TBepAaoctu no bpunemmo u PokBemry» mnpeoOGpa3oBaTh B
BEJIMYMHBI TBepAOCTH 10 bpunemtio u Pokeemny ( HRC) .

Hampuwmep , mpu HRB =93 , HB = 1970 H/mMm2 , a HRC = 12.

3. Ucnonw3ys Tabnuiyy 1 , ompenenuTs MapKy CTajid U COJAEpX aHUE B HEH
yriaepoja , Hanpumep , crainb 45 cogepxur 0.45 % C , ee tBepgocts HB = 2070

H/mm2. Takas e TBepaocTh y ctanu Y 12 ,cogepkanue yriaeponaa B Helt 1.2 %.
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HOPMBI TBEPJOCTH YT JIEPOJIMCTON CTAJIA B OTOXKEHOM COCTOSHHN

Mapka cranm TBepnocte  oToXxkeHHOU | Mapka ctanu | TBepaocts
ctaiu HB ( He Goiee) OTOXOKEeHHOU cramu HB

( He Oozee)

40 1970 Y9 1920

45 2070 Y10 1970

50 2170 V12 2070

4. YuuTeiBas CcoOJAEpXaHUE YriepojJa B CTald OINPEACIUTh TEeMIIEpaTypy
3AKaJIKH .

Hampuwmep , ansa ctamu Y9 : AC1+(30...50 C ) =727 + ( 30...50 C ) 760...780 C,
cm.a4.2 .

5. Ompenenuth BpeMs BBIACPKKH OOpa3IOB B TMEYM TMPU MPUHATON
temrieparype , (cm.1m.4.3) . Jluametp o6pazuoB 10Mm.

6. IlpomsBecTn 3akamky , Momemas oOpa3lpl B TeYh , HATPETYHIO [0
TEeMIIepaTyphl 3aKaJIKU U BBIJICPKUBAs B TEUCHUH 3aJJaHHOTO BpeMeHU. OXJaxaeHne
2-x 00pa310B IPOU3BECTH B BOJE ,0HOTO B Mace .

7. 3a4nCTUTH TOPIBI OOPA3IOB OT OKAIWH , OMPEAEIUTE MX TBEPAOCTH IO
Poxsemnny (HRC)

Bonpocsl 1151 camonpoBepKu
1. Yro takoe 3akanka ? Kak BeIOMpaeTcs TemMreparypa HarpeBa Mol 3aKaiky ?
2. Kakue cTpykTypHBIE TTpeBpallieHus IPOUCXOAT B CTAIIU MPHU 3aKaJKe ?
3. IlpousBenennas 3akanka obpasmoB u3 ctanmu 45 u Y12 ¢ temmeparypsr 760 C .
OOBsICHUTH , OYeMy 00pasibpl U3 ctanu 45 nomyyaroT 0ojee HU3KYH TBEPIOCTS ,
yeMm oOpa3ubl U3 ctanu Y12 ?
4. ITpousBeneHHas 3aKkajika 00pa3loB u3 cranu Y7 u Y12 ¢ temnepartypsl Ha 50 C
BBIIIIE KpUTHUYECKUX Touek . OOpasibl U3 Kakoi cranu OyAayT UMETh 00Jiee BBICOKYIO
TBEPJOCTh U MTOYEMY ?
Conep:xanue oTyera

1 ChopmynupoBath CyIIHOCTh U HA3HAUYCHUE 3aKAJIKU U OTITYCKa.

60




2 3apucoBarh quarpammy coctosiuusi Fe-Fesc u 0003HauuTh TemMmneparypsl HarpeBa

ITPpH 3aKaJIKC 1 OTITYCKC .

3 Onpenenuts BpeMs BBIIEPKKH 00pa3IOB B MEYH MPHU 3aKATKE U OTITYCKE .

4 CocTaBUTh IPOTOKOJ TEPMUIECKON 00pabOTKH YIIIEPOAUCTON CTANH .

MMPOTOKOJ TEPMUUYECKON OBPABOTKH YTIJIEPOJIUCTOM CTAJIA

Ne Mapka craimm | [Iluamerp Temneparypa | Bpems BbIIEpKKHU , MUH .
n/n obpasua Mm 3akasku C ITpu oTmycke
1 2 3 4 S)

TBEPAOCTD

B HNCXOOHOM COCTOSHHNU

HRC nocne otnycka

HRB HB

HRC

B Boze

B macie

Ha ocHoBaHMHU MPOTOKOJIA ¢/1€J1ATH CJeAyIolHe BHIBOABI :

B PC3YJIbTATC 3aKaJIKU Ha TBCPAOCTD |

ITPH 3aKaJIKE B MacCJIC;

YCM BBIIIC TCMIICpATypPa OTIIYCKa , TCM TBEPAOCTD ...

Pexomenayemas iureparypa

1 Anmackun A.M ,3yeB B.M. MarepuanoBeaeHrne U TEXHOIOTHS MAaTEPUAIIOB .-

M.:N]J1 «DOPYM-UHD®PA-M»,2017.

2 OBumaHUKOB B.B. Metamnosenenane —M.: 11| « DOPYM — UHOPA-M» , 2017.

3. Jlaktun HO.M , JleontreBa B.I1. Marepunanosenense. — M.: MammHocTpoeHue,

1990.
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4 Ky3bmuH B.A. n.1p. TexHoJIOruss METAIIOB Y KOHCTPYKIIMOHHBIE MaTepuabl —M.:
Mamunoctpoenue ,1981.
5 Camoxomxkuit A.M ,Kynsasckuit M.H. JlabopaTopHabie paboThI IO METaIJIOBEIEHBIO

U TepMHUUYecKre 00paboTku MeTamwioB .-M.:MamuHoctpoenue, 1981.

JladopaTopHas padora Ne7 «MukpoaHau3 crajieil mocjie TepMoodpadoTKkm»
Heanb padoThbI

OOGy4eHwMs:

-U3y4E€HUE MUKPOCTPYKTYp CTajel mocjie TepMooOpadoTKu;

-3aKPEIUVIEHUI 3HAHUU 110 JUCLUIUIAHE;

-IPUBUTHE HABBIKOB MCCIIEIOBATEIBCKON paOOTHI.

Bocnuranus:

-BOCIIUTAHKE Y CTYJICHTOB HHTEPECOB K BBIOpaHHOU Mpodeccuu;
-OTBETCTBEHHOI'O OTHOILIEHMS K BBIIIOJHEHUIO IIOCTABICHHON 3a1a4H.

PazButnst:

-Pa3BUTHC JIOTUKU MBINIJICHHUA.

3aganune

1. V3y4unTh MUKPOCTPYKTYPY CTaJICH MOCIIE TEPMOOOPAOOTKH.
2. 3apucoBaTh MUKPOCTPYKTYPHI M CXEMBI MUKPOCTPYKTYP.
3. JlaTh KpaTKyIO XapaKTEPUCTUKY HCCICTOBAHHBIX CTPYKTYP.

4. OpopMUTBH OTUET.

HpoaoKuTeJbHOCTH PadoThI

[IpoomkuTensHOCT pabOTHI - 2 Yaca.
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MarepuajibHoe o0ecnieueHmne
1 Metamnorpaduueckuii MUKPOCKOTI.
2 Ha6op Muxkpouumndor craneit mocie TepMooopadboTKH.

3 Jlnarpamma COCTOSIHUS KENE30-IIEMECHTUTA.

Kparkue Teopurnueckme cBeeHUs

MuKpOCTPYKTYPA OTOAKEHHOM CTAJIHN

MHUKpPOCTPYKTYpa OTOMOKEHHOW CTalld B JO3BTEKTOMJHOW CTajlyd IIOCIE
MOJTHOTO OTXKWTa, T.e. Harpea g0 temmepaTypbl A+(20-30°C) m mocneayromero
MEJICHHOTO OXJIAXJEHUS BMECTE€ C Ie4blo, 00pasyercs MeJKas paBHOMEpHas
CTPYKTypa, COCTOSIIIIasi U3 CBETIBIX 3€peH deppuTa U TEMHBIX -Tiepsuta (puc. 1).

B 3a3BTEKTOMIHON cTamu TMOCJEe HEMOJIHOTO0 OTXHUra, T.e. Harpera [0
temiepaTtypsl 10 A+(20-30°C) u nocnenyromero MeAJEHHOTO OXJIaXACHUSI BMECTE C
nevbo 00pa3yercs CTPYKTypa, COCTOSINAs U3 IEMEHTUTA U TepiauTa. Eciu neMeHTur

HaXOJUTCA B BUJAC 3CPCH, TaKaA CTPYKTYpPa HA3BIBACTCA 3CPHUCTBIM IICPIINTOM (pI/IC

2).

Puc. 1- Mukpoctpykrypa Puc. 2- Mukpoctpykrypa
IJIACTUHYATOTO MepuTa 3€pHUCTOTO MEPIUTa

[Ipu HOpManM3alMKu HArpeB MPOUCXOAUT JI0 TEMIEPATYPHI BBIIIE TOUYKUA A JIJIs

JOOBTCKTOUIHBIX crajei wad TOodyku A JJIA  3a3BTCKTOHMIHBIX cTalieci ¢
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MOCIICYIOIINM OXJIaKJIeHHEeM Ha Bo3ayxe. [Ipu aTom cTpykTypa momydaercs Ooiee
MEJIKOW, a MEXaHMYECKHE CBOMCTBA 00Jiee BRICOKUMH (puc.3).

[Ipu HarpeBe cranu mpu OTXKUTE IO TEMITEPaTypbl HAMHOTO BBIIIE KPUTHICCKOMN
MOJIy4aeTCsl MePErpeB, YTO MPUBOJIUT K KPYMHO3EPHUCTOMY CTPOCHHIO CcTalu (puC.

4).

/ "’l/i: o
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///'/’/-////h

c. 3- Oxur — q)eppI/IT + MepJIuT:

cxema MI/II(pOCTp I(TypBI.
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Puc .4 -3akanka v BBICOKHIA OTITYCK — COPOHT:
a) MUKPOCTPYKTYpa, 0)cxeMa MUKPOCTPYKTYPHI.

MHuKpOCTPYKTYpa 3aKaJIEHHOM CTAaJIH

B no3BTeKTOMAHON CTaNM MOCHE 3aKajKd, T.€. HarpeBa 0 TeMIepaTypbl A
(20-30°C) u mocneayroiero OBICTPOTO OXJaXKICHUS B BOjAE o0Opasyercs CTPYKTypa
MapTEHCUTA.

MapTeHcUT - TMepeHACHIICHHBI TBEPJbI pPacTBOp Yriepojia B >KeJese.

MapTeHCUT UMeeT XapaKTepHOE Ur0JIbYaTOe CTPOEHUE, OUEHb TBEPAbIHN (puc. 5).
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Puc. 5- Otnyck

B 3a3BTEKTOMIHON CTaIM MOCIE 3aKaJIKH, T. €. HarpeBa J0 TeMneparypsl A+
(20-30°C) u mocneayromero ObICTPOro OXJIaXKICHHUS B BOJE 00pasyercs CTPyKTypa
MapTEHCUTa W BTOPUYHOTO IeMeHTuTa (puc.6). Hamndme BTOPUYHOTO IIEMEHTHTA

IIOJIE3HO, T.K. B CBSI3U C €r0 BBICOKOW TBEPAOCTBIO YBEIMYUBAETCS H3HOCOCTOMKOU

CcTaJiu.
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Puc. 6

MuKpOCTPYKTYpPa OTHYLICHHOM CTaJIH
[Ipu Hu3koTeMnepaTtypHoM otnycke (mo 200°C) MapTeHCUT 3aKajiku
IpEeBpAIlacTCsd B MAPTEHCUT OTIYCKa. B MapTeHCUTE 3aKajky WIrja CBETIbIE, a B
MapTEHCUTE OTIIyCKa OHU TEMHBbIE. DTO OOBSICHSETCSA BBIJCICHUEM U3 MapTEHCHUTA

MeJIbYalIluX YacTUll IeMeHTHUTa (puc. 7).
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Puc. 7- Cranp Y10. 3akanka v HU3KUN OTIYCK — MApTEHCUT + HEMEHTUT:
a)MUKPOCTPYKTYpA, 0)cxeMa MUKPOCTPYKTYPHI .

IIpu cpennem ormycke (350-450°C) wMapTeHCHUT 3akalKku pachajgaercd Ha

BBICOKO/IMCTIEPCHYIO CMeCh (peppuTa U IIeMEHTUTa TPOOCTHT.

Puc. 8- Cranp 60C2. 3akanka u CpeAHUN OTIIYCK — TPOOCTHUT:
a) MUKPOCTPYKTYDa, 0) cxeMa MUKPOCTPYKTYPHL.

[Ipu BeicokoM otmycke (500-800°C) ob6pasyercs (peppuUTHO - IEMEHTUTHAsS

CMECH - COPOUT OTITyCKa.

Puc. 9- Cranp 30XT'CA. 3akayika ¥ BBICOKHI OTITYCK — COPOUT:
a) MUKPOCTPYKTYpa, 0) cxema MUKPOCTPYKTYPBHI.
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MHuKpPOCTPYKTYPa HeMEHTOBAHOM CTAJIU

B »aroii cramu coaepxkaHue yriepojaa YMEHbIIAETCA OT MOBEPXHOCTH K
cepaneBuHe. B COOTBETCTBMM € TaKUM M3MEHEHHEM XHMHYECKOTO COCTaBa
MOJIy4aeTCsl W paclpeliefieHue CTPYKTYPHBIX COCTABJISIONIMX: OT TOBEPXHOCTH
oOpazyeTcsi CTpyKTypa IMepiuTa M IeMEHTUTa (3a3BKTOMJHAs 30HA), Jajiee
pacroJiaraeTcsi mepiauT (IBTEKTOMIHAS 30HA), a 3aTeM IIPH MepeXoje K CEPALICBUHE -
nepautT u depput (mepexomHas TOIBTEKTOUIHOS 30HA) .B mepexoaHoil 30He ueM

OJMKe K cepAIIeBUHE, TEM MEHbIIIE nepauTa u oosbiie Geppura (puc. 10).

IHopsiiok BbINOJIHEHUsSI PA0OTHI

1 M3yunuTh OCHOBHBIE TEOPUTUUYECKHUE MOJOKEHHUS O MUKPOCTPYKTYpaxX CTajieit
ocJje TepMooOpadOTKHU.

2 IloaroToBUTH K paboTe MeTALTOTpaPUIECKU MUKPOCKOTI.

3 IloaroToBuTH 00OpA3IIbI CTACH.

4 HccnenoBaTb MHUKPOCTPYKTYpPBI cTanei. JlaTb KpaTKyl0 XapaKTEpUCTUKY

HNCCIICAOBAHHBIX CTPYKTYP.

Bonpocsl 1j1s camonpoBepKu

1 CymHOCTh XUMHKO-TEPMUYECKONH 00paOOTKH, B UeM OHA?
2 Ha3naueHue v peKuMbI [IECMEHTAITUH.

3 Ha3naueHue 1 pexXUMBbl OTXKHUTA, 3aKAJIKHU, OTITyCKa?
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4 Ha3BaTbh pa3HOBUJHOCTH OTIIYCKa.

5 Pacckazatb 0 aedekrax TepMooOpaboTKy.

Conepxanue oTyera
OTyeT AOJIKEH CoAepKaTh:
-3CKH3BI UCCIIEIOBAHHBIX CTPYKTYP M UX CXEMBI,
-KpaTKYIO XapaKTepUCTUKY HCCIIETOBAaHHBIX CTPYKTYP;

-BBIBOJEI.

Pexomenayemasi sureparypa

1 Anmackun  A.M., 3yes B.M. MarepuanoeneHue M TEXHOJOTHUA
MeTamaoB.-M.: 1. JI. «DOPYM» UHDOPA-M,2017.

2 OpumaHuKOB B.B. Mertamnoseacenue.-M.:11J| « P°OPYM» MHDPA-M,2017.

3 JlaxTun IO.M., JleoHThEBA B.II. Marepuanosenenue.-M.:
Mammnoctpoenue, 1990.

4 Kysemun B.A. u ap. Texnomoruss MeTtaiyioB M KOHCTPYKUHMOHHBIE
Marepuaisl.- M.: MammnocTtpoenue,1981.

3) Camoxonkuit A.M., Kynssckuit M.H. JlaGoparopasie pabGoThl 1O
METaJNIOBEICHUIO u TEPMUYECKOMN o0paboTke MeTaioB.-M.:
MammHoctpoenue, 1981.

6 Nurepuer-pecypc: rutor.info>torrent. ..adaskin...materialovedenie

books.academic.ru>book.nsf...

JlabopaTopHoe 3ansaTue Ne/

Tema « MUKpOaHAIU3 KOHCTPYKUMOHHBIX M HHCTPYMEHTAJIbHBIX CTAJIeH,
cTajiedl ¢ 0c00bIMH CBOHCTBAMU

eab padoThl
OO0yueHus :

- U3YYEHHE MHUKPOCTPYKTYP KOHCTPYKLUHMOHHBIX W HHCTPYMEHTAJIbHBIX

cTaJiell , cTajied U CIIJIABOB C OCOOBIMU CBOMCTBAMH ;
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- HAy4YUTHCAd CaMOCTOSATENIbHO MPOBOAUTH MUKPOAHAIN3 CTajei
CIIJIABOB .\
- pUOOPETEHNE HABBIKOB MCCIIC0BATEILCKOM PaOOTHI .
Bocnuranns :
— BOCHHTaHMS Y CTYJCHTOB MHTEpeca K n30paHHOM npodeccud ;
— OTBETCTBECHHOI'O OTHOIICHUS K BBIIOJHEHHIO ITOCTABJICHHBIX 3a7aY .
Pa3Butnus :
— yMmeHue paboTaTb B KONNEKTUBE UCMONHUTENEN .
3aganue

1. 3By4nuTh MUKPOCTPYKTYPBl KOHCTPYKIIMOHHBIX U HHCTPYMCHTAIBHBIX CTajeH ,
CTaJIel ¢ 0COOBIMUA CBOMCTBAMM .

2. 3apucoBaTh MUKPOCTPYKTYPBI U CXEMBI MUKPOCTPYKTYD .
3. JlaTh KpaTKyIO XapaKTEPUCTUKY MCCICTOBAHHBIX CTPYKTYD .
4. OpopMUTB OTUET.

MarepuajbHoe o0ecnieueHune

1. Metannorpaduyeckuii MUKPOCKOIT .

nu

2. Habop MukpommudoB B KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIBHBIX CTaJIeH ,cTane

C 0COOBIMH CBOMICTBAMU .

3. JlmarpamMma COCTOSIHUS KelIe30-1[EMEHTHT .

KpaTkue TeopeTnueckue cBeeHH

K HHM3KOyrnepoaucTbiM (LIEMEHTYEMbIM) CTalsIM ,OTHOCSTCSA CTajld C

coaepxkanrem yriepoaa a0 0.25 % - cramm 10 , 15, 20 , a Takke JerupoBaHHBIC

Hanpumep 151", 20X, 18XT'T , 20X2HYA , 20XH3A u np .

CtpykTypa ux B OTOXKEHHOM COCTOSIHUM GeppuT + nepaut (puc . 1,2)
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., 6 — CcXeMa MHMKDPO

MuKpoCTpyKTYypa cpeHeyI1epoAuCThIX cTajei

K cpenHeyriepoaucTeiM CTAISIM OTHOCATCS CTAlld C COJEpKAHUEM yTIiiepoaa
oT 0.25 % no 0.6 % - craimm 35 , 40 , 45, 50 , a Takke JIETUPOBAHHBIE , HATPUMEDP
40X , 40XT , 40XTP ,30XI'CA , 45XHMA u np .HaumbGonee pacmpocTpaHEHHOM
CpEAHEYTICPOIUCTOM cTabio saBiseTcs ctaib 45 (0,42 — 0,50 %) .
MUKpOCTpyKTypa CpeaHEYTICPOAUCTON CTAIA TIOCTe OTXuUTa : Gepput + mepaut (

puc .3) , mocye ymayumieHus ( 3aKaJIKi ¥ BBICOKOTO OTIyCKa ) — copOuT (puc.4 )

KUiA OTOYCK — COPSUT. 7z
a. 6 - CXEeMa MUKPOCTPYKTYPH.
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MuKpOCTPYKTYpa peccOpPHO- MPY:KMHHOMH CTAJH MOCJIe TEPMOOOPadOTKHI

[ToBemiennpIM  comepkanmem  mapranma ( 0.5 — 0.8 % ) , a game
JlerupoBaHHble cTanu Hampumep 651" , 60C2 , 50XI" , 50XDPA , 60C2XDA ,
60C2H2A u ap . Jlns nonyyeHust HauboJiee BBICOKOTO 3HAYCHHS Mpejiesia YIpyTrocTH
MIPY>KUHBI U peccopsl nmoasepraroT 3akaike ¢ 800 — 500 C ( B 3aBUCUMOCTH OT MapKu

CTaJIM ) C IeJIbI0 00pa30BaHus CTPYKTYPhI TPOOCTHUTA.

v

HWi OTOYCK - TPOOGTHT.
6 - cxeMa

MuUKpOCTpYKTYypa HHCTPYMEHTAJIBHBIX CTAJIEN

MuKpOCTPYKTYpPa 3a3BTEKTOMIHBIX HHCTPYMEHTAJIBHBIX CTaJIeil

3a3BTEKTOUIHBIE YIJIEPOAUCThIE cTanu oT Y9 g0 Y13 u jerupoBaHHBIC
Hanpumep X , XBI', 9XC u 1p , B OTOKKEHHOM  COCTOSIHUM MMEIOT CTPYKTYpYy
3€pHUCTOrO nepauta (puc . 6 ) , a mocie 3aKajiku B BoJie ( YIIIEPOJIUCTBIX CTalleh ) U

B MacJie ( JJETMPOBAHHBIX CTajiel ) — MapTEHCUT + Kapouabl (puc.7).
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MuKpoCTpyKTYpa ObICTPOPEXKYIIECH CTATH

Haubomee  xapakTepHbIM W PacHpOCTPAaHEHHBIMH  JIETUPOBAHHBIMU
MHCTPYMEHTAJIbHBIMU CTalld SABJISIIOTCS OBICTPOPEXYIIUE cTanu , Hampumep P18 |
P6MS5 v np .

B nutoM cocTosiHuM CTpyKTypa OBICTPOPEXYIIEH CTadl COCTOUT W3
nee0OypUTHOM HBTEKTUKH , UMEIONIEH « CKEIeTOOOpa3HbI » BUA , U MPOAYKTOB

pacriazia aycrenura (puc 8 ).
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Hanuune B nuTol OBICTpOpEKYIIEH CTanu JeAeOypUTHOM ABTEKTHKU MPUIACT
CTaM  XpynkocTh. Jns  paspymeHuss neaeOypuTHOM  ABTEKTHKH  JIUTYIO
OBICTPOPEXKYIYIO CTalh MOJABEPraroT 00paboTKe MaBieHneM ( MPOKATKe, KOBKE ) U
omkury . KoBka W3MeHsIET CTpoeHHE OBICTPOPEXKYIIEH CTaIH TMOCIE TPEXKPATHOTO

otrnycka rpu 550 C cocTouT U3 MapTeHCUTa U kapouaos ( puc.9 ).

MuKpOCTPYKTYpa cTaJjlell M CIIABOB € 0COObIMHU CBOMCTBAMM
K cransm u crimaBaM ¢ 0COOBIME CBOMCTBAMHU OTHOCSTCS CTaJIN KOPPO3UOHHO —

CTOMKHE , XKApOIpOUYHble ,MarHUTHbIE U Jp . [lo cTpyKType cranmu pasjensiorT Ha

CJIEIYIOLIME KIIACCHI : MEPIAUTHBIA , MAPTEHCUTHBIN , AYCTEHUTHBIN ,()ePPUTHBIH .
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Craju nepJauTHOro Kjaacca

Ot cramu ( 15XM ,12XIM® u np ) ABISIFOTCA KapOIPOYHBIMU IIPH

temneparype 400 — 550 C . ITocne nopmanuzamuu npu 950 -1050 C nonyvaercs

CTpYyKTypa pepput — 6erinut (puc 10 ).

CTajJlu MAPTEHCUTHOT0 KJIacca

Cramu storo kmacca (15X1IM® ,40X9C2 u ap . ) KapoOIpOuHbIE MpPH
temneparype 500 — 600 C u koppo3uonHo — croikue ( 20X13 ,30X13 u ap . ).
[Tocne 3akanku B macine ( win oxjaxzaeHus B Bozayxe ) ot 1000 — 1050 C crpykrypa

— Mmaptencut (puc 11.).

b ( MADTEHCUTHOI'O Kiacca).3akanka.
DYKTYDPa 6 - CXeMa MUKPO:

Crajm ayCTEeHHUTHOIO KJlacca

K cransm aycTeHUTHOrO Kjiacca NpUHAMJICKUT U3HOCOCTOMKas cTaib ['13J1

CrtpyKTypa 3TO# CTaIu MOCJIE JIUThS ayCTEHUT + U30BITOUYHBIE KapOU bl (He/3C)
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, BBIICIAIOLIMECS MO TpaHULAaM 3€peH ayCTeHUTa . OTU CTaju SBIISIIOTCS
XKaporpouHbIMU  Tpu  Temmeparype 600 — 760 C  (45X14H14B2M
LA0X15SH7T7®O2MC u ap .) u koppo3uonHo- crovikue ( 12U18H9 , 10X14I'14H3 u

ap . ) . [Hoaromy nuteie uznenus 3akanupaioT B Boje ¢ 1100 C. IIpu Takom Harpese

KapOUJIbl PACTBOPSIOTCS U CTalbh UMEET ayCTCHUTHYIO CTPYKTYpY (pucl2 )

JCTEHMTHOT'O KAacca) . 3ak

a — MUKPOCTPYKTypa 0 — cxema MUKPOCTPYKTYPbI
Cranu ¢eppurHoro kiacca
OTHU cTanu SBISAIOTCS KOppo3uoHHO — cToiikumu (12X17 ,08X17T , 15X26 u
ap. ) BeIcOKOKpeMHHUCTBIMU ( 3-4 % ) Tpachopmaropueimu ( 33,94) . Onu He
MpPETEePIIeBAIOT NPW HarpeBe ( OXJAKIECHWHW ) M HUMEIT CTPYKTypy ( puc.13 )
KpYITHO3EpHUCTOTO (epputa uiau pepputra ¢ HEOOTBITUM KOIUYECTBOM KapOUIOB

xpoMa ( B KOPPO3UOHHO — CTOMKHUX CTAJIAX ) .

IHopsaok BeIMOTHEHUsI padOThI

1. W3yuyutrb OCHOBHBIE TEOPETUYECKHUE TIOJOXKEHUS O MHUKPOCTPYKTypax

KOHCTPYKLIMOHHBIX U HHCTPYMEHTAIBHBIX CTaJIeH ,cTajeil ¢ 0COOBIMU CBOMCTBAMH.
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2. [ToaroToBuTh K pabote MeTauorpaduueckuii MUKPOCKOT .
3. IloaroToBUTH 0OpA3IIBI CTAJICH.
4. HccnenoBarb MHUKpPOCTPYKTYpbl cTajned . JlaTh KpaTKyro XapakTEpUCTHUKY

HNCCIICAOBAHHEBIX CTPYKTYP.

Bomnpocsl 1151 camonpoBepKu

1. Kak kiaccuuuupyroTcsi CTalau 0 HA3HAUYCHUIO U CTPYKTYpE ?

2. Kakme TpeOoBaHUS  TPEIBABIAIOTCS K  KOHCTPYKIIMOHHBIM |
UHCTPYMEHTAJIbHBIM CTAJIAM ?

3. I'me mpumeHnsoTcs LeMeHTyemble ctanu ? Ymyumaemsie? PeccopHo-
MpyKUHHBIC ?

4, Tne npuUMEHSIOTCS WHCTpYMEHTaIbHbIE cTai ?Kak MapKupyroTcs
WHCTPYMEHTAJIbHBIC (YTJIEPOIUCTHIE ,JISTUPOBAHHBIC ,0BICTPOPEKYIIINE ) CTATIN?

5. Kakue cTanu OTHOCSTCS K CTajsiM C OCOOBIMH CBOMCTBaMHU ?

6. ['me mpuMeHsI0TCS CTanu ¢ 0COOBIMU CBOMCTBAMH ?

7. Kak oOpabaTeiBaloTCS IIEMEHTYyEeMbIC ,YyJIydIllaeMble , PECCOPHO —

NPYKUHHBIE CTAIN ?

Conep:xanue oTyera

OTueT I0MKEH COEepPKATh :
- DCKU3bI UCCIEOBAHHBIX CTPYKTYP U UX CXEMHI ;
- KpaTKyI0 XapaKTEPUCTUKY UCCIECIOBAHHBIX CTPYKTYD ;

- BBIBOJBI .

Pexomenayemas iureparypa

1 Anmackun A.M ,3yeB B.M. MarepuanoBeneHrne U TEXHOIOTHS MAaTEPUAIIOB .-
M.: U] «DOPYM-UHDPA-M»,2017.

2 OuunHukoB B.B. MetamuoBenenbe —M.: [ « POPYM — UHOPA-M»,
2017.
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3 Jlaxtun KO.M , JleontheBa B.I1. Matepuanosenense. — M.:
Mamunoctpoenue, 1990.

4 KysbmuH B.A. n.1p. TexHOJIOrusS METAIIIIOB M KOHCTPYKIIMOHHBIE
Marepuaisl —M.: MammHocTpoenue ,1981.

5 Camoxouxuit A.1 ,Kynssckuit M.H. JlaGoparopubie paboThI 110
METAJIJIOBEJICHBIO U TepMUYECKUE 00pabOTKH MeTauIoB .-M.:MammHocTpoeHue,
1981.

6 Wutepuer — pecypc :

rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...

JladbopaTopHasi padoTa Ne8«MuKpoaHaIU3 YYTYHOB)
IpopomxkuTebHOCTH PpadoThI- 2 yaca
Hean padoTsl
OGyueHwus:

— U3YYUTh CTPYKTYPY CEPBIX, MOJOBUHYATHIX, BHICOKOMPOYHBIX M KOBKHX
YyT'yHOB;

- YCTaHOBUTB CBSI3b MEXJY COCTAaBOM CIUIABA, YCIOBUSAMM €0 MOJyYECHHUS
U CTPYKTYPOH.

Bocnuranus:

- BOCIIMTaHWE Y  CTYACHTOB  3HAYUMOCTH  MpodeccHoHaTbHBIX
PAKTUYECKUX HABBIKOB;

- YYBCTBO OTBETCTBEHHOCTHU 3a KAUECTBO BBIITOJIHEHMS padoT.

PazButus:

- yMEHHUsI paboTaTh B KOJUIEKTUBE UCIIOIHUTENCH.

3apanue

1. 3yunuTh CTPYKTYpy CEpBIX, MOJOBHUHYATHIX, BBICOKOIPOYHBIX U KOBKHX

YYT'YHOB.

2. 3apucoBaTh UCCIEA0BAHHBIE MUKPOCTPYKTYPBI U CXEMBI MUKPOCTPYKTYP.
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3. YcTaHOBUTH CBS3b MCIKAY COCTAaBOM CIllIaBa, YCJIOBUAMHU €TI0 ITIOJIYUCHHA U

CTPYKTYPOH.

4. OpopMuUTh OTUET

MarepuajbHoe odecnieyenue
1 Mertammyprudeckuii MUKpPOCKOTI.
2 HabGop mukpouuiudoB cepbix, MOJOBUHYATHIX, BHICOKOIPOUYHBIX M KOBKHX
YYT'yHOB.

3 Juarpamma COCTOSIHHS 5K€JI€30-1IEMEHTHT.

KpaTkue TeopuTuyeckue cBeleHUs1

B ceppix uyryHax yriepoa MHpHUCYTCTBYET B BHUJE TpaduTa IJIACTUHYATOU
¢dopmbl. Ha BenuuuHy M pacrnoyioKeHue BKIIOUEHHM rpadura BIUAIOT CKOPOCTh
OXJIQXKJICHHsI, TEeMIIepaTypa W BpEMsS BBLACPKKH pACIUIABICHHOTO YyTryHa NEpen
OTJIMBKOM, XUMUYECKUHA COCTaB YyTr'yHa, BBEJICHUE B UYI'YH HEKOTOPBIX IPUMECEU
(MogudukaTopoB). Hampumep, rpadur obOpa3yeTcss TeM KpyNHEE 4eM, MEAJICHHEE
OXJIQXK/ICHHE M YEM MEHBIIIE MEPErPEB KUIKOTO UyTyHA U MEHBIIE BPEMS BBIICPKKU
IIPU 3TOM.

MuKpOCTPYKTYpa CepbIX YyI'YHOB.

Meraninyeckas OCHOBA B CEPBIX UyT'yHaX OUY€Hb CXOJHA C MUKPOCTPYKTYpPOU
CTaJied B 3aBUCHUMOCTH OT KOJHMYECTBA CBS3aHHOTO YIJEepoJa MOMKET OBITh

beppuTHOH, PEPPUTHO-TIEPIUTHON U MEPIUTHOM.
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Puc. 1- ®epputHslii cepblit 4yryH — pepput + rmiacTuHYaTHIN TpaduT:
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a - MHUKpPOCTPYKTYypa , 0 — cxema MUKPOCTPYKTYPBHI.

Puc. 2- ®epputHO-NIEpIUTHBIN YyTYH — GEPPUT + MEPIHT + MIACTUHYATHIA TPaPUT:

a - MHKPOCTPYKTYpa, 0 — cxemMa MHUKPOCTPYKTYPHI.

Puc.3- IlepauTHslii cepplil UyTyH — NEPIUT + MIIaCTUHYATHINA rpaq)HT:

a — MUKPOCTPYKTypa 0 — cxemMa MUKPOCTPYKTYPHI.

Takum 00pa3oM, BO3MOKHBI CIEAYIOLIUE THUIBI CTPYKTYP CEpPBIX UYT'YHOB:
dbeppuT + TIaCTUHYATHIN TpaduT - QGeppuTHBIN cephlit uyryH (puc. 1), deppur +
NEPAUT + TUIACTUHYATHIN rpa@uT — (eppuTHO- NEPIUTHBIA Cephlii yyryH (puc.2,
COOTHOLIEHHE KOJMYEeCTBa (PeppUTa U NEpUTa B CTPYKTYpE UyTyHa MOXKET ObITh
pa3IMYHBIM B 3aBUCUMOCTH OT XMMHYECKOIO COCTaBa U YCJIOBHI OXJIAaXICHHS);

NEepauT + MIACTUHYATHIA rpadUT — MepAUTHBIN cepblii UyryH (puc.3).
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Puc.4- Cepslii uyryH ¢ poc@uaHON 3BTEKTUKON - MEPIUT + MJIACTUHYATHINA FpapuT

+ DBTEKTHKA, pacnojararomascs 1moJIHOCTbIO MK YaCTUYHO 110 I'paHUuIIaM 3CPCH.

MHuKpOCTPYKTYPA OJJOBUHYATHIX YyT'YHOB.

B mosioBMHYATHIX YyryHax YIJIEPOJ COJEPKUTCS KaK B BHJE NEPIUTHOU
CTPYKTYpbhl METaJUIMYECKOW OCHOBBI, TaK M B CBOOOJHOM Buie rpadura. Eciu
KOJIMYECTBO CBSI3aHHOTO yIJIepoJa HE3HAUUTEIbHO MPEBBINIAET 3BTEKTOUIHYIO
KOHUEHTpPAIMIO, TO METa/UNIMYecKass OCHOBA COCTOMT M3 MepiuTa U BTOPUYHOIO
[EMEHTHTA (puUc. 5), T.€. aHAJIOTUYHA CTPYKTYPE 3a9BTEKTOUTHOMN CTAIIH.

Ecin  xonmuuyecTBO  CBA3aHHOIO  yIiiepojia  3HAUYMTEIBHO  IPEBBILIAET
ABTEKTOUJHYIO KOHIEHTPALMIO, TO B MPOIECCE MEPBUYHON KPUCTAIIIU3AMN YyTyHa
Mocyie BBIJICJICHUS HEKOTOPOTro KOJW4ecTBa rpadura dYacTUyHO 0Opa3zoBaics
neneOyput (IEMEHTUTHAs SBTEKTHKA) U CTPYKTypa METAITTMYECKON OCHOBBI OyIeT

neaedypurt + nepaut (puc. 6.)

Puc. 5- IlomoBHMHYATBHIi 4YyryH — MEpAUT + LEMEHTUT (BTOPUYHBIN) +

IUTACTUHYATHIN TpaduUT: a — MUKPOCTPYKTYpa, O — cXemMa MUKPOCTPYKTYPHI.
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Puc. 6- [lonoBuHYATHIN UyTyH — JIeAeOYpUT + MIACTUHYATHIN Tpadur:

a — MUKPOCTPYKTYpa , 0 — cxemMa MHUKPOCTPYKTYPHI.

MHuKpPOCTPYKTYPa BHICOKONIPOYHBIX YYTYHOB.

B BBICOKOMPOYHBIX YyryHaX MOTYT OBITh T€ K€ THUIIBI CTPYKTYp, KOTOpHIC
ObUTH yKa3aHbl JJIA CEPbIX YyT'yHOB, HO TpaHUT B 3TUX UYyTryHaX MIAPOBUIHBIMN.
Taxum 00pa3oM, BO3MOXKHBI CIEIYIOIINE THIIBI MUKPOCTPYKTYPbI BBICOKOIIPOUHBIX
4yryHOB: GeppuT + MApOBUAHBIN TpaduT - (HEPPUTHBIA BBICOKOTPOYHBIN YYTYH
(puc. 7), deppur + mnepauT MWAPOBUAHBIA Tpadur - GeppUTHO-TIEPIUTHBINA
BBICOKOMIPOYHBIA YyTryH (pHUC.8, COOTHOIIEHHE MEXIY KOJIHYECTBOM (Qeppura u
MEepIuTa B BBICOKOIPOYHOM YYTYHE MOXET OBITh Pa3lIWYHBIM B 3aBUCUMOCTU OT
XUMHUYECKOTO COCTaBa M YCIOBHUH OXJIAXKICHMS, MEPIUT + MapOBUAHBINA TpaduT -

MEPIIUTHBIN BEICOKOMTPOUHBIN UyTyH (pHcC. 9).
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Puc. 7- ®epputHblli BBICOKONPOYHBIM 4YyTyH - ¢eppur + MAapOBUIAHBIN

rpa@uT: a— MHKPOCTPYKTYpa, 0 - cxemMa MHKPOCTPYKTYPHI.
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Puc. 8- ®eppuTHO - NEPIUTHBIA BHICOKOIIPOUYHBIA YYTyH - GeppuT + NepiauT+
IapOBUIHBIN rpaduT:

a — MUKpPOCTPYKTYpa, 0 - cxema MHUKPOCTPYKTYPBHI.

S,
{ R

Puc. 9 -lIlepnuTHBII  BBICOKONPOYHBIM YyryH — HEPIUT + IIAPOBUIHBIN
rpaduT: a- MHKPOCTPYKTYpa, 0- cxemMa MUKpPOCTPYKTYPBHI.
MuKpOCTPYKTYpa KOBKHX YyT'YHOB.

B koBKOM uyryHe yriepoa COAEpXHUTCS B BHIE Tpadura XJIOMEBUIHOU
dbopmbl. Mertamnnyeckass OCHOBa KOBKOTO 4YyryHa MOXET OBbITh (EeppUTHOI,
(beppUTHO-TIEPIUTHON W TIEPIUTHONW. B COOTBETCTBHH C ITHM pazInyarOT KOBKHI
yyryH ¢epputnbiii (puc. 10), depputno- nepiuthbiii (puc. 11) u nepnutHeiii (puc.

12).
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Puc. 10 -®eppuTHbIil KOBKUI YyTyH - (peppuT + XJIONBEBUIHBIN rpaduT:

a - MHKpPOCTPYKTYpa, 0 - cxema MUKPOCTPYKTYPBHI.
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Puc. 11 -®eppuTHO-NIEPIUTHBIN KOBKUN YyTyH - GEeppuT + NepiauT +
XJIONIbEBUIHBIN TpaduT:

a - MUKPOCTPYKTYPa, 6 - CXema MUKPOCTPYKTYpPbI.

Puc. 12- NepaAnTHbIA KOBKUM YYTyH - NEPJINT N XNONbEBUAHbIN rpaduT:

a- MUKPOCTPYKTYpa, 6 - CXema MUKPOCTPYKTYpbI.

IMopsaaok BbINOJHEHUS] padOThI

1. M3y4uTtb OCHOBHBIE TEOPETHUECKHUE TIOJOXKEHHS O MUKPOCTPYKTYPaX CEphIX,

ITOJIOBUHYATBIX, BBICOKOIIPOYHBLIX U KOBKHUX YYTI'YHOB.

2. TloaroToBUTH K pabOTE METALTUICCKANA MUKPOCKOIT.



3. IloaroroButh 00paslbl CEpPhIX, OJTOBUHYATHIX, BHICOKOTIPOYHBIX M KOBKUX
YYT'YHOB K IIPOBEJACHUI0 MUKPOAHAIIN3A.

4. UccnenoBaTh MUKPOCTPYKTYPBI CEPBIX, MOJIOBHUHYATHIX, BBICOKOIIPOYHBIX U
KOBKHX YYT'YHOB.

5. YCTaHOBUTH CBSI3b MEXK]y COCTABOM UYTYHOB, YCIOBHSIMU UX MOITYUYEHUS U

CTPYKTYpPOH.

Bonpocel 1j1s1 caMonpoBepKu

1 KakoM 4yryH Ha3bIBaeTcA cepbim?

2 KakoW 4yryH Ha3bIiBaeTCcs KOBKUM?

3 Kakown 4yryH Ha3blBaeTCA BbICOKOMNPOYHbIM?

4 KaK mapkupyeTca cepblii, KOBKMN U BbICOKOMPOYHbIN YYTyHbl?

5 Yem oTAMYalOTCA MeXaHUYecKMe CBOWMCTBA CEPOro, KOBKOFO M BbICOKOMPOYHOIO
yyryHa?

6 KaKoBO BAMAHME METAN/IMYECKON OCHOBbI U pa3dmepa rpaduUToBbIX BKAOYEHWNI HA

CBOMCTBA YyryHa?

Conep:xxanue oTuera

9.1 Kpatkue TeopeTHuecKre CBEJACHHS O CTPYKTYpOOOpa30BaHUN YYTYHOB.
9.2 DCKu3bI UCCIIETIOBAHHBIX CTPYKTYP U UX CXEMBI.
9.3 CocTaB UCCIETOBAHHBIX CTPYKTYP.

9.4 BriBog.
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